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10 INTRODUCTION

Pursuant to a unilateral Administrative Order issued by the United States Environmental Protection Agency (USEPA) 

on July 20, 2010, Apex Oil Company, Inc. (Apex) completed additional light non-aqueous phase liquid (LNAPL) 

recovery pilot testing within Area A of the Hartford Petroleum Release Site (Hartford Site). Area A includes a small 

portion of the Hartford Site located on North Olive Street between East Forest and East Elm Streets, and does not 

extend beyond the rights-of-way for the Norfolk and Western, Union Pacific, Kansas City Southern, and Norfolk 

Southern Railroads (Figure 1). The most recent pilot testing activities under this order involved focused groundwater 

pumping at a rate of up to 320 gallons per minute (gpm) during unconfined groundwater conditions (groundwater 

generally below 400 feet above mean sea level [ft-amsl] beneath Area A),

Initially, focused pumping began on March 8,2014 but was discontinued prior to completion of the test on April 2, 

2014 due to several significant rainfall events resulting in nearly four inches of precipitation over a three-day period. In 

accordance with groundwater elevation triggers, focused pumping was resumed on January 9, 2015 and continued 

through March 10,2015. Prior to each of the focused pumping events, infrastructure for groundwater extraction and 

treatment, as well as LNAPL recovery and storage were installed within Area A. The pilot test infrastructure, as well 

as operation, maintenance, and monitoring activities are described in the Final Light Non-Aqueous Phase Liquid 

Recovery Pilot Test Work Plan Addendum (Trihydro 2013a). A summary of the 2014 partial pilot test results were 

described within the Final Additional Light Non-Aqueous Phase Liquid Recovery Partial Pilot Test Summary Report 

(Trihydro 2014b). This report provides a summary of die resumed pilot test completed in the first quarter of 2015.

1.1 BACKGROUND

The Dual Optimal LNAPL Response (DOLR) conceptual model was developed (H2A 2006) to explain the occurrence 

and potential recoverability of LNAPL under various hydraulic conditions. The DOLR model applies to the LNAPL 

present in the Main Sand stratum, where the water table periodically transitions from unconfined to confined 

conditions. The DOLR model might also be applicable to shallower permeable strata such as the Rand and Main Silt, 

where LNAPL transitions between unconfined and confined conditions. However, as described in the Revised LNAPL 

Component to the Conceptual Site Model (Trihydro 2014a), LNAPL is detected infrequently in monitoring locations 

screened within these strata, suggesting that the fraction of total LNAPL that is potentially mobile and recoverable is 

relatively low. Therefore, the DOLR model is most useful in conceptualizing LNAPL recovery within the Main Sand, 

where the majority of LNAPL appears to be present beneath the Hartford Site (Trihydro 2014a).

LNAPL, when present, shares available pore space between sediment grains with water and air. In order for LNAPL to 

be mobile and recoverable, it needs to be continuous or connected within the pore spaces. Within the saturated zone,

Trihi|diT>
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1.0 ~NTRODUCTION 

Pursuant to a unilateral Administrative Order issued by the United States Environmental Protection Agency (USEPA) 

on July 20, 2010, Apex Oil Company, Inc. (Apex) completed additional light non-aqueous phase liquid (LNAPL) 

recovery pilot testing within Area A of the Hartford Petroleum Release Site (Hartford Site). Area A includes a small 

portion of the Hartford Site located on North Olive Street between East Forest and East Elm Streets, and does not 

extend beyond the rights-of-way for the Norfolk and Western, Union Pacific, Kansas City Southern, and Norfolk 

Southern Railroads (Figure 1 ). The most recent pilot testing activities under this order involved focused groundwater 

pumping at a rate of up to 320 gallons per minute (gpm) d1.,1ring unconfined groundwate~ conditions (groundwater 

generally below 400 feet above mean sea level [ft-amsl] beneath Area A). 

Initially, focused pumping began on March 8, 2014 but was discontinued prior to completion of the test on April 2, 

2014 due to several significant rainfall events resulting in nearly four inches of precipitation over a three-day period. In 

accordance with groundwater elevation triggers, focused pumping was resum~d on January 9, 2015 and continued 

through March 10, 2015. Prior to each of the focused pwnping events, infrastructure for groundwater extraction and 

treatment, as well as LNAPL recovery and storage were installed within Area A. The pilot test infrastructure, as well 

as operation, maintenance, and monitoring activities are described in the Final Light Non-Aqueous Phase Liquid 

Recovery Pilot Test Work Plan Addendum (Trihydro 2013a). A summary of the 2014 partial pilot test results were 

described within the Final Additional Light Non-Aqueous Phase Liquid Recovery Partial Pilot Test Summary Report 

(Trihydro 2014b). This report provides a summary of the resumed pilot test completed in the first quarter of 2015. 

1.1 BACKGROUND 

The Dual Optimal LNAPL Response (DOLR) conceptual model was developed (H2A 2006) to explain the occurrence 

and potential recoverability of LNAPL under various hydraulic conditions. The DOLR model applies to the LNAPL 

present in the Main Sand stratum, where the water table periodically transitions from unconfined to confined 

conditions. Th~ DOLR model might also be applicable to shallower permeable strata such as the Rand and Main Silt, 

where LNAPL transitions between unconfined and confined conditions. However, as described in the Revised LNAPL 

Component to the Conceptual Site Model (Trihydro 2014a), LNAPL is detected infrequently in monitoring locations 

screened within these strata, suggesting that the fraction of total LNAPL that is potentially mobile and recoverable is 

relatively low. Therefore, the DOLR model is most useful in conceptualizing LNAPL recovery within the Main Sand, 

where the majority ofLNAPL appears to be present beneath the Hartford Site (Trihydro 2014a). 

LNAPL, when present, shares available pore space between sediment grains with water and air. In order for LNAPL to 

be mobile and recoverable, it needs to be continuous or connected within the pore spaces. Within the saturated zone, 
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where the pore spaces are primarily filled with water, LNAPL is generally present as less connected globules within the 

smaller pore spaces (2-phase conditions). That is, while some of the LNAPL might be connected and potentially 

capable of mobilizing to a well, much of it is often present as separate ganglia due to the majority of pore space being 

filled with water. Within the capillary fringe and vadose zone where water content is lower and air is also present 

(3 phase conditions), LNAPL tends to be more connected within the larger pore spaces. Put another way, LNAPL 

residual saturation can vary depending on whether 2-phase or 3-phase conditions are present (Charbeneau 2007).

When LNAPL saturations are high and/or water saturations are low, LNAPL is better connected and therefore 

potentially mobile (i.e., the LNAPL is above the residual saturation). LNAPL preferentially moves within coarse­

grained sediments such as sand and gravel (i.e., lower pore entry pressure), and is less able to migrate through fine­

grained sediments such as silt and clay (assuming similar water content within the pore space).

1.1.1 LNAPL RECOVERABILITY UNDER CONFINED CONDITIONS

The first part of the DOLR model states that under confining conditions (created when groundwater within the Main 

Sand stratum intercepts and is forced against overlying finer-grained stratum), hydrostatic forces drive LNAPL into 

wells that behave essentially as pressure relief points. This is schematically depicted in the first panel on Figure 2. As 

the water table rises, some LNAPL in the smear zone also rises within connected pore spaces between the 

coarse-grained sediments and eventually contacts the bottom of the overlying fine-grained stratum. Increases in the 

piezometric surface are directly proportional to increasing LNAPL thicknesses, as the LNAPL remains confined 

against the overlying fine-grained stratum and unable to displace water from the smaller pore spaces. Although the 

LNAPL is unable to move any further vertically, it is able to move laterally along the contact of the coarser Main Sand 

and overlying fine-grained stratum. This potential for lateral movement is limited under these confined conditions 

because any portion of the pore space not occupied by LNAPL tends to be filled with water (2-phase conditions). Still, 

if a well is screened across the contact of the confining stratum and the Main Sand, some fraction of LNAPL can move 

laterally into the well. Such a condition could mean relatively high initial LNAPL recoverability from the well if 

mobile LNAPL can collect at the base of the confining layer and water in the well does not exert a significant 

backpressure. However, under this condition the “mass of available mobile LNAPL is minimal since much of the 

LNAPL mass is trapped underneath this high water table” (p. 59 of Appendix E within the Active LNAPL Recovery 

System 90% Design Report [Clayton 2006]). As LNAPL is removed from the formation adjacent to the well, LNAPL 

saturations may decrease as water saturations increase, resulting in reduced recoverability. Only if LNAPL in the 

vicinity of the recovery well remains above residual saturations (i.e., has sufficient connectivity in this 2-phase 

condition) would recovery remain sustainable.
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where the pore spaces are primarily filled with water, LNAPL is generally present as less connected globules within the 

smaller pore spaces (2-phase conditions). That is, while some of the LNAPL might be connected and potentially 

capable of mobilizing to a well, much of it is often present as separate ganglia due to the majority of pore space being 

filled with water. Within the capillary fringe and vadose zone where water content is lower and air is also present 

(3 phase conditions), LNAPL tends to be more connected within the larger pore spaces. Put another way, LNAPL 

residual saturation can vary depending on whether 2-phase or 3-phase conditions are present (Charbeneau 2007). 

When LNAPL saturations are high and/or water saturations are low, LNAPL is better connected and therefore 

potentially mobile (i.e., the LNAPL is above the residual saturation). LNAPL preferentially moves within coarse­

grained sediments such as sand and gravel (i.e., lower pore entry pressure), and is less able to migrate through fine­

grained sediments such as silt and clay (assuming similar water content within the pore space). 

1.1.1 LNAPL RECOVERABILITY UNDER CONFINED CONDITIONS 

The first part of the DOLR model states that under confining conditions (created when groundwater within the Main 

Sand stratum intercepts and is forced against overlying finer-grained stratum), hydrostatic forces drive LNAPL into 

wells that behave essentially as pressure relief points. This is schematically depicted in the first panel on Figure 2. As 

the water table rises, some LNAPL in the smear zone also rises within connected pore spaces between the 

coarse-grained sediments and eventually contacts the bottom of the overlying fine-grained stratum. Increases in the 

piezometric surface are directly proportional to increasing LNAPL thicknesses, as the LNAPL remains confined 

against the overlying fine-grained stratum and unable to displace water from the smaller pore spaces. Although the 

LNAPL is unable to move any further vertically, it is able to move laterally along the contact of the coarser Main Sand 

and overlying fine-grained stratum. This potential for lateral movement is limited under these confined conditions 

because any portion of the pore space not occupied by LNAPL tends to be filled with water (2-phase conditions). Still, 

if a well is screened across the contact of the confining stratum and the Main Sand, some fraction of LN APL can move 

laterally into the well. Such a condition could mean relatively high initial LNAPL recoverability from the well if 

mobile LNAPL can collect at the base of the confining layer and water in the well does not exert a significant 

backpressure. However, under this condition the "mass of available mobile LNAPL is minimal since much of the 

LNAPL mass is trapped underneath this high water table" (p. 59 of Appendix E within the Active LNAPL Recovery 

System 90% Design Report [Clayton 2006]). As LNAPL is removed from the formation adjacent to the well, LNAPL 

saturations may decrease as water saturations increase, resulting in reduced recoverability. Only if LNAPL in the 

vicinity of the recovery well remains above residual saturations (i.e., has sufficient connectivity in this 2-phase 

condition) would recovery remain sustainable. 
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1.1.1.1 PILOT TESTING IN AREA A UNDER CONFINED CONDITIONS

Pilot testing of LNAPL recoverability under confining conditions was performed by WSP Environmental & Energy 

(WSP) in Area A between October 2011 and January 2012 (the WSP pilot test) with the primary objective of 

evaluating previously selected technologies for LNAPL recovery including soil vapor extraction (SVE), multiphase 

extraction (MPE), and dual phase extraction (DPE). As described in the Light Non-Aqueous Phase Liquid Recovery 

Pilot Test Interim Report (WSP 2012), groundwater and LNAPL were confined within the test well MPE-A001 

throughout most of the WSP pilot test. Well MPE-A001 is located in Area A and screened across the top of the Main 

Sand Stratum. Immediately prior to testing, the LNAPL thickness in well MPE-A001 was 3.24 feet, greater than that 

typically observed in this well under unconfined conditions, which is consistent with exaggerated LNAPL thicknesses 

observed in many of the wells under confined conditions across the Hartford Site (Trihydro 2014a).

The LNAPL-water interface was present within the screened interval of the well. However, once a vacuum was 

induced on well MPE-A001 to evaluate SVE, the screened interval became submerged (also referred to as occluded). 

MPE was tested on November 7 through November 10, 2011. A drop tube was placed in the well with an applied 

vacuum for three hours the first day and nearly continuous thereafter. The drop tube diameter and elevation were 

varied during the testing, and airflow ranged from 13 standard cubic feet per minute (scfm) to 85 scfm. The applied 

vacuum achieved removal of fluids from well MPE-A001 with a maximum drawdown of 2.2 feet, but did not lower the 

fluid levels to below the top of the screen. Although an exaggerated LNAPL thickness was measured prior to testing, 

no measurable LNAPL recovery was achieved during the test. Instead, approximately 6,900 gallons of groundwater 

were extracted.

Pilot testing of DPE was planned, but based on the lack of significant drawdown during pilot testing of MPE, a 

pumping test was performed instead to assess achievable drawdown within the test well. Following a step test, a 

constant rate pump test was conducted at 20 gpm for 6.5 hours. Approximately 9 feet of drawdown was observed in 

the test well, exposing approximately 8 feet of the well screen. However, the LNAPL thickness in the well decreased 

from 2.89 feet to 0.14 feet during the pump test. Fluid level monitoring within the nearby wells indicated some 

influence within 50 feet of the test well, but LNAPL thicknesses did not increase in any of the surrounding wells during 

the pump test.

Overall, the pilot test resulted in no measureable LNAPL recovery using MPE, and insufficient drawdown in the well 

to expose the screen. Additionally, groundwater pumping did not affect LNAPL thickness in the test or nearby 

monitoring wells over the 6.5-hour pump test duration. The results suggested that MPE is not sufficient to achieve 

LNAPL recovery in Area A under confined conditions.
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1.1.1.1 PILOT TESTING IN AREA A UNDER CONFINED CONDITIONS 

Pilot testing of LNAPL recoverability under confining conditions was performed by WSP Environmental & Energy 

(WSP) in Area A between October 2011 and January 2012 (the WSP pilot test) with the primary objective of 

evaluating previously selected technologies for LNAPL recovery incluqing soil vapor extraction (SVE), multiphase 

extraction (MPE), and dual phase extraction (DPE). As described in the Light Non-Aqueous Phase Liquid Recovery 

Pilot Test Interim Report (WSP 2012), groundwater and LNAPL were confined within the test well MPE-A00I 

throughout most of the WSP pilot test. Well MPE-A00 1 is located in Area A and screened across the top of the Main 

Sand Stratum. Immediately prior to testing, the LNAPL thickness in well MPE-A00 I was 3.24 feet, greater than that 

typically observed in this well under unconfined conditions, which is consistent with exaggerated LNAPL thicknesses 

observed in many of the we11s under confined conditions across the Hartford Site (Trihydro 2014a). 

The LNAPL-water interface was present within the screened interval of the well. However, once a vacuum was 

induced on well MPE-A0OI to evaluate SVE, the screened interval became submerged (also referred to as occluded). 

MPE was tested on November 7 through November 10, 2011. A drop tube was placed in the well with an applied 

vacuum for three hours the first day and nearly continuous thereafter. The drop tube diameter arid elevation were 

varied during the testing, and airflow ranged from 13 standard cubic feet per minute (scfin) to 85 scfm. The applied 

vacuum achieved removal of fluids from well MPE-A00 I with a maximum drawdown of 2.2 feet, but did not lower the 

fluid levels to below the top of the screen. Although an exaggerated LNAPL thickness was measured prior to testing, 

no measurable LNAPL recovery was achieved during the test. Instead, approximately 6,900 gallons of groundwater 

were extracted. 

Pilot testing of OPE was planned, but based on the lack of significant drawdown during pilot testing of MPE, a 

pumping test was performed instead to assess achievable drawdown within the test wett. Following a step test, a 

constant rate pump test was conducted at 20 gpm for 6.5 hours. Approximately 9 feet of drawdown was observed in 

the test well, exposing approximately 8 feet of the well screen. However, the LNAPL thickness in the well decreased 

from 2.89 feet to 0.14 feet during the pump test. Fluid level monitoring within the nearby wells indicated some 

influence within 50 feet of the test wett, but LNAPL thicknesses did not increase in any of the surrounding wells during 

the pump test. 

Overa11, the pilot test resulted in no measureable LNAPL recovery using MPE, and insufficient drawdown in the well 

to expose the screen. Additionally, groundwater pumping did not affect LNAPL thickness in the test or nearby 

monitoring wells over the 6.5-hour pump test duration. The results suggested that MPE is not sufficient to achieve 

LNAPL recovery in Area A under confined conditions. 
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However, transmissivity testing conducted in October 2011 during confined conditions and in January 2012 during 

unconfined conditions indicated an increase in transmissivity from 0.0005 and 0.04 square feet per day to 0.02 and 

0.09 square feet per day, respectively. The increase in transmissivity, observed as the ambient water table decreased, 

suggested that pumping under unconfined conditions might be a viable approach for additional LNAPL recovery in 

Area A.

1.1.2 LNAPL RECOVERABILITY UNDER UNCONFINED CONDITIONS

The second part of the DOLR model states that under unconfined conditions, LNAPL can vertically drain from the 

coarse-sediments within the Main Sand as the water table falls below the confining strata. Under intermediate 

unconfined conditions (i.e., when the aquifer is unconfined but the water table is still relatively high), LNAPL 

thicknesses in wells can be relatively low because the confining pressure is no longer present and “much of the LNAPL 

is still submerged and entrapped under the water table” (p. 60 of Appendix E within the Active LNAPL Recovery 

System 90% Design Report [Clayton 2006]). A small fraction of available LNAPL will subsequently accumulate above 

the water table, as depicted in the second panel on Figure 2.

If the water table decreases further, “much of the submerged residual LNAPL drains from the Main Sand, (and) larger 

volumes of mobile LNAPL are available to accumulate in wells” (p. 60 of Appendix E within the Active LNAPL 

Recovery System 90% Design Report [Clayton 2006]). Under this model, the further the water table falls, the more 

LNAPL drains and accumulates near the water table and LNAPL could move laterally more easily within the Main 

Sand. If the screen interval within a well intersects the mobile LNAPL interval and the water table is sufficiently low 

for a sustained period, LNAPL could enter it and have an elevation that is consistent with the vertical interval of 

recoverable LNAPL in the formation (i.e., no exaggerated thickness). As shown on the third panel on Figure 2, 

sustained LNAPL recovery may be attainable under these lower water table conditions due to a larger mass of mobile 

LNAPL present under 3 phase conditions (i.e., unsubmerged) and therefore potentially recoverable. Historical 

recovery modeling performed using soil cores collected in Area A has ignored LNAPL that is typically submerged in 

the Main Sand stratum (Trihydro 2014a). In addition, pilot testing using an approach to expose mobile LNAPL that is 

typically submerged had not been performed at the Hartford Site and remained a data gap with respect to 

recoverability.

1.2 PURPOSE

As described in the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), the purpose of the additional pilot test was to enhance exposure of the LNAPL smear zone within the Main 

Sand stratum, located between 385 and 400 ft-amsl (approximately 30 to 45 feet below ground surface [ft-bgs]) in 

Area A. It was anticipated that exposing deeper portions of the smear zone could increase LNAPL transmissivity and
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However, transmissivity testing conducted in October 2011 during confined conditions and in January 2012 during 

unconfined conditions indicated an increase in transmissivity from 0.0005 and 0.04 square feet per day to 0.02 and 

0.09 square feet per day, respectively. The increase in transmissivity, observed as the ambient water table decreased, 

suggested that pumping under unconfined conditions might be a viable approach for additional LNAPL recovery in 

Area A. 

1.1.2 LNAPL RECOVERABILITY UNDER UNCONFINED CONDITIONS 

The second part of the DOLR model states that under unconfined conditions, LNAPL can vertically drain from the 

coarse-sediments within the Main Sand as the water table falls below the confining strata. Under intermediate 

unconfined conditions (i.e., when the aquifer is unconfined but the water table is still relatively high), LNAPL 

thicknesses in wells can be relatively low because the confining pressure is no longer present and "much of the LNAPL 

is still submerged and entrapped under the water table" (p. 60 of Appendix E within the Active LNAPL Recovery 

System 90% Design Report [Clayton 2006]). A small fraction of available LNAPL will subsequently accumulate above 

the water table, as depicted in the second panel on Figure 2. 

If the water table decreases further, "much of the submerged residual LNAPL drains from the Main Sand, (and) larger 

volumes of mobile LNAPL are available to accumulate in wells" (p. 60 of Appendix E within the Active LNAPL 

Recovery System 90% Design Report [Clayton 2006]). Under this model, the further the water table falls, the more 

LNAPL drains and accumulates near the water table and LNAPL could move laterally more easily within the Main 

Sand. If the screen interval within a well intersects the mobile LNAPL interval and the water table is sufficiently low 

for a sustained period, LNAPL could enter it and have an elevation that is consistent with the vertical interval of 

recoverable LNAPL in the formation (i.e., no exaggerated thickness). As shown on the third panel on Figure 2, 

sustained LNAPL recovery may be attainable under these lower water table conditions due to a larger mass of mobile 

LNAPL present under 3 phase conditions (i.e., unsubmerged) and therefore potentially recoverable. Historical 

recovery modeling performed using soil cores collected in Area A has ignored LNAPL that is typically submerged in 

the Main Sand stratum (Trihydro 2014a). In addition, pilot testing using an approach to expose mobile LNAPL that is 

typically submerged had not been performed at the Hartford Site and remained a data gap with respect to 

recoverability. 

1.2 PURPOSE 

As described in the Final light Non-Aqueous Phase liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), the purpose of the additional pilot test was to enhance exposure of the LNAPL smear zone within the Main 

Sand stratum, located between 385 and 400 ft-ams] (approximately 30 to 45 feet below ground surface [ft-bgs]) in 

Area A. It was anticipated that exposing deeper portions of the smear zone could increase LNAPL transmissivity and 
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mobility; therefore, enhancing recovery of LNAPL in Area A, Exposing the deeper portions of the smear zone could 

also facilitate increased vapor recovery and smear zone mass depletion through the existing SVE system. The pilot test 

was designed to evaluate the extent to which focused pumping could: (1) sustain unconfined conditions, (2) expose 

additional portions of the smear zone, and (3) allow recovery of mobile LNAPL and volatile petroleum hydrocarbons 

present in the Main Sand stratum beneath Area A. The remainder of this report is organized into the following 

sections:

■ Section 2.0 -  Describes the design and installation of the infrastructure necessary to complete the resumed pilot test 

in Area A of the Hartford Site.

■ Section 3.0 — Discusses the operations and maintenance of the temporary groundwater treatment system, including 

start-up and shutdown, as well as compliance monitoring results.

■ Section 4.0 -  Provides an analysis of the resumed pilot test results including evaluation of hydraulic conditions, 

vapor phase mass recovery, and dissolved phase conditions beneath Area A.

■ Section 5.0 -  Includes an evaluation of the effectiveness of focused pumping, LNAPL recoverability, and a 

conceptual framework for future pilot testing and multiphase remedy design.
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mobility; therefore, enhancing recovery of LNAPL in Area A Exposing the deeper portions of the smear zone could 

also facilitate increased vapor recovery and smear zone mass depletion through the existing SVE system. The pilot test 

was designed to evaluate the extent to which focused pumping could: (1) sustain unconfined conditions, (2) expose 

additional portions of the smear zone, and (3) allow recovery of mobile LNAPL and volatile petroleum hydrocarbons 

present in the Main Sand stratum beneath Area A The remainder of this report is organized into the following 

sections: 

Section 2.0 - Describes the design and installation of the infrastructure necessary to complete the resumed pilot test 

in Area A of the Hartford Site. 

Section 3 .0 - Discu·sses the operations and maintenance of the temporary groundwater treatment system, including 

start-up and shutdown, as well as compliance monitoring results. 

Section 4.0 - Provides an analysis of the resumed pilot test results including evaluation of hydraulic conditions, 

vapor phase mass recovery, and dissolved phase conditions beneath Area A. 

Section 5.0- Includes an evaluation of the effectiveness of focused pumping, LNAPL recoverability, and a 

conceptual framework for future pilot testing and multiphase remedy design. 
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2.0 PHLOX TEST INFRASTRUCTURE

Prior to reinitiating focused pumping, additional infrastructure was installed by Apex in Area A of the Hartford Site.

A detailed summary of the infrastructure installed prior to the partial pilot test (e.g., groundwater production well, 

LNAPL recovery well, and discharge conveyance line to the Village of Hartford combined sewer system) was provided 

within the Additional Light Non-Aqueous Phase Liquid Recovery Partial Pilot Test Summary Report (Trihydro 2014a). 

Additional infrastructure installed and constructed to support the resumed pilot test (e.g., piezometers, temporary 

groundwater treatment system, LNAPL collection system) conducted in the first quarter of 2015 is provided in this 

section. ■

2.1 PIEZOMETER INSTALLATION

Three 2-inch diameter groundwater piezometers (PZ-01, PZ-02, and PZ-03) were installed to: (1) estimate LNAPL 

saturations in soil present in the smear zone in the vicinity of groundwater production well HPW-01 and LNAPL 

recovery well HLRW-01 and (2) evaluate drawdown and hydraulic response within the Main Sand during focused 

pumping. The three piezometers were installed within 10 feet of groundwater production well HPW-01 and LNAPL 

recovery well HLRW-01 (Figure 1) by Roberts Environmental Drilling, Inc. between October 27 and 29, 2014. A 

6-inch diameter boring was installed using a hollow stem drilling methodology to a total depth of 45 ft-bgs at the three 

piezometer locations. Continuous cores were collected from each boring, logged by a geologist, and field screened for 

total organic vapors to the total depth. Soil samples were collected from select intervals within the LNAPL smear zone 

in the Main Sand stratum and submitted for laboratory analysis. A description of the lithology recorded during 

installation of the borings is provided in Section 2.1.1 and a summary of the soil analytical results is included in 

Section 2.1.2.

Following installation of each boring, 2-inch diameter, 0.010-inch continuously slotted, polyvinyl chloride (PVC) 

screen was installed across the upper portion of the Main Sand stratum (coincident with the smear zone) from 

approximately 30 to 45 ft-bgs, and 2-inch blank PVC casing was installed from 30 ft-bgs to approximately 0.5 ft-bgs. 

Sections of screen and casing were connected via flush threaded joints. A No. 10/20 sand filter pack was then placed 

within the annulus of the boring from approximately 25 to 45 ft-bgs. A 5-feet thick bentonite seal was placed from the 

top of the sand pack to approximately 20 ft-bgs. The bentonite seal was installed and hydrated in 6-inch lifts. A 

95% concrete and 5% bentonite grout was emplaced from the top of the seal to approximately 1 ft-bgs. The 

piezometers were completed within 18-inch flush mounted, traffic rated vaults set into an approximate 6-inch thick 

concrete pad. The construction diagrams for the three piezometers installed in Area A are provided in Appendix A.
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2.0 P~lOl llEST INFRASTRUCTURE 

Prior to re-initiating focused pumping, additional infrastructure was installed by Apex in Area A of the Hartford Site. 

A detailed summary of the infrastructure installed prior to the partial pilot test (e.g., growidwater production well, 

LNAPL recovery well, and discharge conveyance line to the Village of Hartford combined sewer system) was provided 

within the Additional Light Non-Aqueous Phase Liquid Recovery Partial Pilot Test Summary Report (Trihydro ~O l4a). 

Additional infrastructure installed and constructed to support the resumed pilot test ( e.g., piezometers, temporary 

groundwater treatment system, LN APL collection system) conducted in the first quarter of 2015 is provided in this 

section. 

2.1 PIEZOMETER INSTALLATION 

Three 2-inch diameter groundwater piezometers (PZ-01, PZ-02, and PZ-03) were installed to: (1) estimate LNAPL 

saturations in soil present in the smear zone in the vicinity of groundwater production well HPW-01 and LNAPL 

recovery well HLR W-01 and (2) evaluate drawdown and hydraulic response within the Main Sand during focused 

pumping. The three piezometers were installed within IO feet of groundwater production well HP\Y-0 l and LNAPL 

recovery well HLRW-01 (Figure l) by Roberts Environmental Drilling, Inc. between October 27 and 29, 2014. A 

6-inch diameter boring was installed using a hollow stem drilling methodology to a total depth of 45 ft-bgs at the three 

piezometer locations. Continuous cores were collected from each boring, logged by a geologist, and field screened for 

total organic vapors to the total depth. Soil samples were collected from select intervals within the LNAPL smear zone 

in the Main Sand stratum and submitted for laboratory analysis. A description of the lithology recorded during 

installation of the borings is provided in Section 2.1.1 and a summary of the soil analytical results is included in 

Section 2.1.2. 

Following installation of each boring, 2-inch diameter, 0.0 I 0-inch continuously slotted, polyvinyl chloride (PVC) 

screen was installed across the upper portion of the Main Sand stratum ( coincident with the smear zone) from 

approximately 30 to 45 ft-bgs, and 2-inch blank PVC casing was installed from 30 ft-bgs to approximately 0.5 ft-bgs. 

Sections of screen and casing were connected yia flush threaded joints. A No. 10/20 sand filter pack was then placed 

within the annulus of the boring from approximately 25 to 45 ft-bgs. A 5-feet thick bentonite seal was placed from the 

top of the sand pack to approximately 20 ft-bgs. The bentonite seal was installed and hydrated in 6-inch lifts. A 

95% concrete and 5% bentonite grout was emplaced from the top of the seal to approximately 1 ft-bgs. The 

piezometers were completed within 18-inch flush mounted, traffic rated vaults set into an approximate 6-inch thick 

concrete pad. The construction diagrams for the three piezometers installed in Area A are provided in Appendix A. 
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On October 30,2014, each of the newly installed piezometers was developed by firs! bailing out any sediments, which 

accumulated during installation and then overpumping the well at a maximum rate of 10 gpm. That same day, LNAPL 

recovery well HLRW-01 was redeveloped by overpumping the screened portion of the well at a maximum pumping 

rate of 100 gpm. Approximately 2,500 gallons of groundwater were pumped from the newly installed piezometers and 

LNAPL recovery well and stored within a steel frac tank temporarily located at 309 North Olive Street. Following 

characterization, the groundwater was removed by Environmental Management Alternatives, Inc. and treated at the 

Bissell Point Wastewater Treatment Plant, which is managed by the Metropolitan St. Louis Sewer District.

2.1.1 LITHOLOGY

The lithology recorded during the installation of the three piezometers was generally consistent with one another, as 

well as previous borings installed in Area A, consisting of alternating fine-grained alluvial deposits of clay and silt 

separating coarser grained hydrostratigraphic units. Specifically, the A Clay was present from ground surface to 

approximately 11 ft-bgs and consists of moderate to low plasticity silts and clays. The North Olive stratum, composed 

primarily of fine-grained sand with silt, underlies the A Clay and is located from approximately 11 to 15 ft-bgs. The 

B Clay present from approximately 15 to 19 ft-bgs is comprised of high plasticity silts and clays. The Rand stratum, 

composed of fine sands and silt, is present between approximately 19 and 24 ft-bgs. The C Clay situated at 

approximately 24 to 29 ft-bgs separates the Rand and Main Sand strata. The C Clay is composed of dense, low 

plasticity clays. The Main Sand stratum is present from 29 ft-bgs to the total depth of the boring. The Main Sand 

primarily consists of fine- to medium-grained, well-sorted sands with lenses of coarse-grained sands and gravels.

2.1.2 SOIL QUALITY ANALYTICAL RESULTS

During installation of each boring, soil samples were collected from four intervals (28-29 ft-bgs, 31 -32 ft-bgs,

35-36 ft-bgs, and 40-41 ft-bgs) across the smear zone presenl in the Main Sand stratum. Soil samples were submitted 

for laboratory analysis of volatile petroleum related constituents (USEPA Method 8260), semivolatile petroleum related 

constituents (USEPA 8270), total petroleum hydrocarbons reported as diesel range and gasoline range organics 

(USEPA Method 8015), and geophysical properties including moisture content and bulk density. A summary of the 

analytical results for the soil samples collected during installation of the piezometers is provided in Tables la through 

Id and the laboratory analytical report is included in Appendix B.

The analytical results indicate that LNAPL presenl in soil consists of elevated concentrations of benzene, ethylbenzene, 

toluene, xylenes, heptane, hexane, and trimethylbenzene isomers. Semivolatile petroleum hydrocarbons were detected 

at lower concentrations and primarily composed of naphthalene and 2-methylnaphthalene. The highest concentrations 

of volatile and semi volatile petroleum related constituents, as well as total petroleum hydrocarbons reported as diesel
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On October 30, 2014, each of the newly installed piezometers was developed by first bailing out any sediments, which 

accumulated during installation and then overpumping the well at a maximum rate of IO gpm. That same day, LNAPL 

recovery well HLRW-0 I was redeveloped by overpumping the screened portion of the well at a maximum pumping 

rate of 100 gpm. Approximately 2,500 gallons of groundwater were pumped from the newly installed piezometers and 

LNAPL recovery well and stored within a steel frac tank temporarily located at 309 North Olive Street. Following 

characterization, the groW1dwater was removed by Environmental Management Alternatives, Inc. and treated at the 

Bissell Point Wastewater Treatment Plant, which is managed by the Metropolitan St. Louis Sewer District. 

2.1.1 LITHOLOGY 

The lithology recorded during the installation of the three piezometers was generally consistent with one another, as 

well as previous borings installed in Area A, consisting of alternating fine-grained alluvial deposits of clay and silt 

separating coarser grained hydrostratigraphic units. Specifically, the A Clay was present from ground surface to 

approximately 11 ft-bgs and consists of moderate to low plasticity silts and clays. The North Olive stratum, composed 

primarily of fine-grained sand with silt, underlies the A Clay and is located from approximately 11 to 15 ft-bgs. The 

B Clay present from approximately 15 to 19 ft-bgs is comprised of high plasticity silts and clays. The Rand stratum, 

composed of fine sands and silt, is present between approximately 19 and 24 ft-bgs. The C Clay situated at 

approximately 24 to 29 ft-bgs separates the Rand and Main Sand strata. The C Clay is composed of dense, low 

plasticity clays. The Main Sand stratum is present from 29 ft-bgs to the total depth of the boring. The Main Sand 

primarily consists of fine- to medium-grained, well-sorted sands with lenses of coarse-grained sands and gravels. 

2.1.2 SOIL QUALITY ANALYTICAL RESULTS 

During installation of each boring, soil samples were collected from four intervals (28-29 ft-bgs, 31-32 ft-bgs, 

35-36 ft-bgs, and 40-41 ft-bgs) across the smear zone present in the Main Sand stratum. Soil samples were submitted 

for laboratory analysis of volatile petroleum related constituents (USEPA Method 8260), semivolatile petroleum related 

constituents (USEP A 8270), total petroleum hydrocarbons reported as diesel range and gasoline range organics 

(USEPA Method 8015), and geophysical properties including moisture content and bulk density. A summary of the 

analytical results for the soil samples collected during installation of the piezometers is provided in Tables la through 

Id and the laboratory analytical report is included in Appendix B. 

The analytical results indicate that LNAPL present in soil consists of elevated concentrations of benzene, ethylbenzene, 

toluene, xylenes, heptane, hexane, and trimethylbenzene isomers. Semivolatile petroleum hydrocarbons were detected 

at lower concentrations and primarily composed of naphthalene and 2-methylnaphthalene. The highest concentrations 

of volatile and semivolatile petroleum related constituents, as well as total petroleum hydrocarbons reported as diesel 
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range and gasoline range organics varied across the three borings. Within the soil core collected from piezometer 

PZ-01, the highest concentrations of petroleum related constituents were observed in the upper portions of the smear 

zone; whereas, in soil cores collected from piezometers PZ-02 and PZ-03 the highest concentrations occurred in the 

lower and the middle portions of the smear zone, respectively. The laboratory analytical results combined with the 

close proximity of the three piezometers (less than 10 feet) indicate a highly variable LNAPL distribution within the 

smear zone beneath Area A.

In addition, the total petroleum hydrocarbons reported as diesel range and gasoline range organics were used to 

estimate the saturation of LNAPL in soil using the following equation (API 2006, Hawthorne 2012):

pb x  10-6 
Sn -  CTPH x  —

Where:

C tph

pb

Pn
0

LNAPL Saturation (grams)

Concentration of total petroleum hydrocarbons reported as diesel and gasoline range organics (milligram 

per kilogram)

Soil bulk density (grams per cubic centimeter)

LNAPL density (grams per cubic centimeter) 

total porosity (cubic centimeter per cubic centimeter)

LNAPL saturation estimates for the four soil samples collected from the three borings installed in Area A in October 

2014 are provided as Table 2. The saturation estimates for individual samples ranged from 0.31 to 9.04%. The average 

LNAPL saturation within the upper, middle, and lower portions of the smear zone ranged from 1.79 to 3.69%, with an 

overall saturation across the smear zone of 2.72%, These estimates are generally below saturations that might be 

indicative of mobile LNAPL within sands and gravels, similar to the alluvial deposits that make up the Main Sand 

stratum.

In general, LNAPL saturation estimated from total petroleum hydrocarbon concentrations in soil tend to be more 

accurate with increasing concentrations of gasoline and diesel range organics, with a suggested lower limit of 

5,000 milligrams per kilogram (Hawthorne 2012), As summarized on Table 2, the concentration of total petroleum 

hydrocarbons reported as diesel and gasoline range organics are similar or below this suggested lower limit. 

Furthermore, the saturation estimates tend to be more accurate for LNAPL composed predominantly of stable 

constituents, or in other words, LNAPL with a low mole fraction of volatile and soluble constituents (Hawthorne 2012).
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range and gasoline range organics varied acros~ the three borings. Within the soil core collected from piezometer 

PZ-01, the highest concentrations of petroleum related constituents were observed in the upper portions of the smear 

zone; whereas, in soil cores collected from piezometers PZ-02 and PZ-03 the highest concentrations occurred in the 

lower and the middle portions of the smear zone, respectively. The laboratory analytical results combined with the 

close proximity of the three piezometers (less than 10 feet) indicate a highly variable LNAPL distribution within the 

smear zone beneath Area A. 

In addition, the total petroleum hydrocarbons reported as diesel range and gasoline range organics were used to 

estimate the saturation of LNAPL in soil using the following equation (API 2006, Hawthorne 2012): 

Pb X 10-6 
Sn = CrPH X ,,.. 
. "+'Pn 

Where: 

Sn = LNAPL Saturation (grams) 

CrPH = Concentration of total petroleum hydrocarbons reported as diesel and gasoline range organics (milligram 

per kilogram) 

Pn 

= Soil bulk density (grams per cubic centimeter) 

LNAPL density (grams per cubic centimeter) 

total porosity ( cubic centimeter per cubic centimeter) 

LNAPL saturation estimates for the four soil samples collected from the three borings installed in Area A in October 

2014 are provided as Table 2. The saturation estimates for individual samples ranged from 0.31 to 9.04%. The average 

LNAPL saturation within the upper, middle, and lower portions of the smear zone ranged from 1. 79 to 3.690/o, with an 

overall saturation across the smear zone of 2.72%. These estimates are generally below saturations that might be 

indicative of mobile LNAPL within sands and gravels, similar to the alluvial deposits that make up the Main Sand 

stratum. 

In general, LNAPL saturation estimated from total petroleum hydrocarbon concentrations in soil tend to be more 

accurate with increasing concentrations of gasoline and diesel range organics, with a suggested lower limit of 

5,000 milligrams per kilogram (Hawthorne 2012). As summarized on Table 2, the concentration of total petroleum 

hydrocarbons reported as diesel and gasoline range organics are similar or below this suggested lowei: limit. 

Furthermore, the saturation estimates tend to be more accurate for LNAPL composed predominantly of stable 

constituents, or in other words, LNAPL with a low mole fraction of volatile and soluble constituents (Hawthorne 2012). 
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Tile soil and groundwater analytical results (discussed in Section 4.6) collected in Area A indicate that LNAPL is 

composed of a high mole fraction of both soluble and volatile constituents.

In addition, LNAPL saturation estimates have a strong correlation with the total porosity. The LNAPL saturation 

estimates presented on Table 2 were calculated using total porosity reported from depth discrete intervals within an 

intact soil core collected from soil boring HCSB-01 in September 2005. The 2005 porosity measurements from the 

intact soil core were reported between 37 and 45% across the smear zone in this portion of Area A. For comparison, 

total porosity of the non-intact soil samples collected during installation of the piezometers in October 2014 was 

calculated using the moisture content and bulk density reported by the laboratory (Table Id). These estimates of total 

porosity for the non-intact soil samples ranged from 16.9 to 34.7%, with an average moisture content of 25.2%. It 

appears that some portion of fluid (LNAPL and groundwater) drained from the soil, which likely occurred when:

(1) the cores were extracted from the borings during installation, (2) soil samples were collected by the geologist, and 

(3) aliquots of soil were extracted and prepared for analysis by the laboratory. If the porosity estimates for the 

non-intact soil samples collected during installation of the piezometers is substituted for the depth specific porosity 

measurements reported from soil boring HCSB-01, then the range of average LNAPL saturations increases to between 

3.29 and 7.32%, with an overall saturation of 4.53% across the smear zone.

Each of these factors (relatively low concentrations of total petroleum hydrocarbons, elevated concentrations of volatile 

and soluble constituents, as well as fluid loss during sample collection and analysis) may contribute to a low bias in the 

LNAPL saturation estimates presented herein. Despite these limitations, these LNAPL saturation estimates may 

represent an important consideration when evaluating the additional LNAPL recovery pilot test results and designing a 

multiphase remedial framework for the Hartford Site.

2.2 GROUNDWATER RECOVERY AND TEMPORARY TREATMENT SYSTEM

Similar to the partial pilot test performed in 2014, a 6-inch diameter, 15-horsepower submersible pump (Grundfos 

300S) was used with 4-inch galvanized steel threaded riser pipe to recover groundwater from production well HPW-01. 

The submersible pump was connected to a variable frequency drive (VFD) installed within the master control panel. 

The VFD allowed adjustments to the pumping rates needed to complete the short-term step test (Section 4.2). The 

pump had a nominal flow rate of 300 gpm, and the pump intake was set within the sump of the production well, below 

the screened interval, at approximately 70.5 ft-bgs (360.4 ft-amsl). A pressure transducer was attached to the riser pipe 

at approximately 51 ft-bgs to monitor groundwater levels during the step test and focused pumping. Four-inch 

diameter flexible hoses with cam and groove fittings affixed to the riser pipe conveyed water from groundwater 

production well HPW-01 to the temporary groundwater treatment system.
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The soil and groundwater analytical results (discussed in Section 4.6) collected in Area A indicate that LNAPL is 

composed of a high mole fraction of both soluble and volatile constituents. 

In addition, LNAPL saturation estimates have a strong correlation with the total porosity. The LNAPL saturation 

estimates presented on Table 2 were calculated using total porosity reported from depth discrete intervals within an 

intact soil core collected from soil boring HCSB-01 in September 2005. The 2005 porosity measurements from the 

intact soil core were reported between 37 and 45% across the smear zone in this portion of Area A. For comparison, 

total porosity of the non-intact soil samples collected during installation of the piezometers in October 2014 was 

calculated using the moisture content and bulk density reported by the laboratory (Table 1 d ). These estimates of total 

porosity for the non-intact soil samples ranged from 16.9 to 34.7%, with an average moisture content of25.2%. It 

appears that some portion of fluid (LNAPL and groundwater) drained from the soil, which likely occurred when: 

(I) the cores were extracted from the borings during installation, (2) soil samples were collected by the geologist, and 

(3) aliquots of soil were extracted and prepared for analysis by the laboratory. If the porosity estimates for the 

non-intact soil samples collected during installation of the piezometers is substituted for the depth specific porosity 

measurements reported from soil boring HCSB-01, then the range of average LNAPL saturations increases to between 

3.29 and 7.32%, with an overall saturation of 4.53% across the smear zone. 

Each of these factors (relatively low concentrations of total petroleum hydrocarbons, elevated concentrations of volatile 

and soluble constituents, as well as fluid loss during sample collection and analysis) may contribute to a low bias in the 

LNAPL saturation estimates presented herein. Despite these limitations, these LNAPL saturation estimates may 

represent an important consideration when evaluating the additional LNAPL recovery pilot test results and designing a 

multiphase remedial framework for the Hartford Site. 

2.2 GROUNDWATER RECOVERY AND TEMPORARY TREATMENT SYSTEM 

Similar to the partial pilot test performed in 2014, a 6-inch diameter, 15-horsepower submersible pump (Grundfos 

300S) was used with 4-inch galvanized steel threaded riser pipe to recover groundwater from production well HPW-01. 

The submersible pump was connected to a variable frequency drive (VFD) installed within the master control panel. 

The VFD allowed adjustments to the pumping rates needed to complete the short-term step test (Section 4.2). The 

pump had a nominal flow rate of 300 gpm, and the pump intake was set within the sump of the production well, below 

the screened interval, at approximately 70.5 ft-bgs (360.4 ft-amsl). A pressure transducer was attached to the riser pipe 

at approximately 51 ft-bgs to monitor groundwater levels during the step test and focused pumping. Four-inch 

diameter flexible-hoses with cam and groove fittings affixed to the riser pipe conveyed water from groundwater 

production well HPW-01 to the temporary groundwater treatment system. 
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As shown conceptually on Figure 2 and in detail on Figure 3, recovered groundwater from the production well was first 

transferred into a 21,000-gallon frac tank. This first frac tank allowed settling of entrained sediments in the recovered 

groundwater. A transfer pump (Goulds 3656-M) conveyed the groundwater from this first frac tank to a second 

21,000-gallon frac tank to promote additional settling of sediments. An additional transfer pump (Goulds 3656-S) 

moved recovered water from the second frac tank into a series of four 10-micron bag filters to capture any remaining 

suspended particulates. Following filtration, groundwater was conveyed through a series of two 10,000-pound vessels 

containing granular activated carbon (GAC) to adsorb dissolved phase petroleum related constituents.

In order to conduct compliance monitoring of the treatment system effectiveness (described in Section 3.4), three 

sample ports were installed. The first sample port (SP-00) was installed after the final bag filter to allow collection of 

an untreated (influent) groundwater sample. Two additional sample ports (SP-01 and SP-02) were installed at the base 

of each treatment vessel to assess breakthrough of dissolved phase constituents through the primary GAC vessel and 

prior to discharge to the Village of Hartford combined sewer system (CSS). The second sample port, SP-02, was 

monitored to ensure treated groundwater was below the Illinois Environmental Protection Agency (Illinois EPA) 

Division of Water, Village of Hartford CSS, and Wood River Wastewater Treatment Plan (WRWTP) permitted 

effluent limits.

As required by the Illinois EPA Division of Water, a photoionization detector (PID) was installed at the point of 

connection between the discharge line and the 21 -inch sewer main beneath North Market Avenue. The PID was 

installed to measure the percent of the lower explosion limit (%LEL) in the headspace of the treated water being 

discharged into the sewer main. The results of the PID were displayed on the master control panel located at 311 North 

Olive Street, and the treatment system was configured to shut down in the event that the LEL exceeded 10% in the 

headspace of the sewer main.

2.3 LNAPL RECOVERY AND STORAGE

Two Clean Earth Technology, Fnc. Magnum Spill Busters™ were installed within LNAPL recovery well HLRW-01 to 

extract and convey LNAPL to the storage tanks located south of 309 North Olive Street. The Spill Buster skimmer 

pumps employ an auto-seeking device that automatically adjusts the pump intake to the elevation of the LNAPL-water 

interface as it fluctuates. As shown on Figure 3, two 1,000 gallon, double-walled storage tanks (Modem Welding 

Company Ultra Lube Cube®, which provide UL-listed integral secondary containment) were positioned within the

wooden privacy fence south of 309 North Olive Street and installed in accordance with Illinois State Fire Marshal
\

requirements (e.g., appropriate offset distances from structures and roadways). The LNAPL storage tanks were 

inspected on March 6,2014 by the Village of Hartford Fire Chief.
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As shovm conceptually on Figure i and in detail on Figure 3, recovered groundwater from the production well was first 

transferred into a 21,000-gallon frac tank. This first frac tank allowed settling of entrained sediments in the recovered 

groundwater. A transfer pump (Goulds 3656-M) conveyed the groundwater from this first frac tank to a second 

21,000-gallon frac tank to promote additional settling of sediments. An additional transfer pump (Goulds 3656-S) 

moved recovered water from the second frac tank into a series of four 10-micron bag filters to capture any remaining 

suspended particulates. Following filtration, groundwater was conveyed through a series of two 10,000-pound vessels 

containing granular activated carbon (GAC) to adsorb dissolved phase petroleum related constituents. 

In order to conduct compliance monitoring of the treatment system effectiveness (described in Section 3.4), three 

sample ports were installed. The first sample port (SP-00) was installed after the final bag filter to allow collection of 

an untreated (influent) groundwater sample. Two additional sample ports (SP-01 and SP-02) were installed at the base 

of each treabnent vessel to assess breakthrough of dissolved phase constituents through the primary GAC vessel and 

prior to discharge to the Village of Hartford combined sewer system (CSS). The second sample port, SP-02, was 

monitored to ensure treated groundwater was below the Illinois Environmental Protection Agency (Illinois EPA) 

Division of Water, Village of Hartford CSS, and Wood River Wastewater Treatment Plan (WRWTP) permitted 

effluent limits. 

As required by the Illinois EPA Division of Water, a photoionization detector (PIO) was installed at the point of 

connection between the discharge line and the 21-inch sewer main beneath North Market Avenue. The PIO was 

installed to measure the percent of the lower explosion limit (¾LEL) in the headspace of the treated water being 

discharged into the sewer main. The results of the PID were displayed on. the master control panel located at 311 North 

Olive Street, and the treatment system was configured to shut down in the event that the LEL exceeded 10% in the 

headspace of the sewer main. 

2.3 LNAPL RECOVERY AND STORAGE 
Two Clean Earth Technology, [nc. Magnum Spill Busters™ were installed within LNAPL recovery well HLRW-01 to 

extract and convey LNAPL to the storage tanks located south of 309 North Olive Street. The Spill Buster skimmer 

pumps employ an auto-seeking device that automatically adjusts the pump intake to the elevation of the LNAPL-water 

interface as it fluctuates. As shown on Figure 3, two 1,000 gallon, double-walled storage tanks (Modern Welding 

Company Ultra Lube Cube®, which provide UL-listed integral secondary containment) were positioned within the 

wooden privacy fence south of309 North Olive Street and installed in accordance with Illinois State Fire Marshal 
\ 

requirements (e.g., appropriate offset distances from structures and roadways). The LNAPL storage tanks were 

inspected on March 6, 2014 by the Village of Hartford Fire Chief. 
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3.0 TREATMENT SYSTEM OPERATIONS, MAINTENANCE, 
AND MONITORING

Between December 30,2014 and January 2, 2015, the temporary groundwater treatment system components were 

mobilized and positioned onto the gravel pad that was placed to the north of 309 North Olive Street. Transducers were 

installed within the frac tank, weir tank, and treatment vessels and the final electrical connections were made from the 

control panels to the submersible pump, transfer pumps, and transducers. In addition, the Spill Buster skimmer pumps 

were installed within LNAPL recovery well HLRW-01, high level switches were installed in the LNAPL storage tanks, 

and the plumbing and electrical connections were completed between the control panel, recovery well, and LNAPL . 

storage area. Finally, temporary plumbing connections were completed between the submersible pump and treatment 

system components. On December 31, 2014, the first batch of groundwater was extracted and treated to determine the 

effectiveness of the temporary groundwater treatment system prior to discharging water into the Village of Hartford 

CSS and eventually the WRWTP.

3.1 AGREEMENTS AND PERMITS

A September 16,2013 agreement with the City of Wood River described the purpose and duration of the pilot test, 

rates of groundwater extraction during focused pumping, treatment of the extracted groundwater, compliance 

monitoring of the temporary treatment system, and triggers for discontinuing the focused pumping pilot test. In 

addition, this agreement established user rates for treatment of water at the WRWTP. On October 9, 2014, an 

amendment to the agreement was executed, allowing Apex to resume the pilot test, as well as increase the maximum 

flow rate from 300 gpm to 350 gpm during focused pumping.

A separate agreement with the Village of Hartford dated September 24, 2013, established prior to the commencement 

of construction activities, consented to the installation of the treatment system infrastructure including a 6-inch pipeline 

and provided access to the rights of way maintained by the Village of Hartford. This agreement also established 

operational limits for focused pumping (i.e., duration and shutdown criteria), as well as payment terms for discharging 

treated water into the Village of Hartford CSS, In an October 23, 2013 addendum to this agreement, the Village of 

Hartford provided Apex a permanent easement for the discharge line with specific provisions for reverting line 

ownership back to the Village of Hartford under certain circumstances. An additional amendment dated September 24, 

2014 allowed Apex to resume the additional LNAPL recovery pilot test in Area A at an increased flow rate of 350 gpm. 

In order to accommodate the increased discharge rate, Apex agreed to install a real-time remote fluid level transducer 

and telemetry system within the combined sewer overflow weir near the intersection of Old St. Louis Road and West 

Hawthorne Street. The remote monitoring equipment provided an early warning to prevent fluids in the Village of
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3.0 TREATMENT SYSTEM OPIERAT~ONS, MA~NTIENANCIE, 
AND MON~7rORING 

Between December 30, 20 I 4 and January 2, 2015, the temporary groundwater treatment system components were 

mobilized and positioned onto the gravel pad that was placed to the north of 309 North Olive Street. Transducers were 

installed within the frac tank, weir tank, and treatment vessels and the final electrical connections were made from the 

control panels to the submersible pump, transfer pumps, and transducers. In addition, the Spill Buster skimmer pumps 

were installed within LNAPL recovery well HLRW-01, high level switches were installed in the LNAPL storage tanks, 

and the plumbing and electrical connections were completed between the control panel, recovery well, and LNAPL . 

storage area. Finally, temporary plumbing connections were completed between the submersible pump and treatment 

system components. On December 31, 2014, the first batch of groundwater was extracted and treated to determine the 

effectiveness of the temporary groundwater treatment system prior to discharging water into the Village of Hartford 

CSS and eventually the WR WTP. 

3.1 AGREEMENTS AND PERMITS 

A September 16, 2013 agreement with the City of Wood River described the purpose and duration of the pilot test, 

rates of groundwater extraction during focused pumping, treatment of the extracted groundwater, compliance 

monitoring of the temporary treatment system, and triggers for discontinuing the focused pumping pilot test. In 

addition, this agreement established user rates for treatment of water at the WRWTP. On October 9, 2014, an 

amendment to the agreement was executed, allowing Apex to resume the pilot test, as well as increase the maximum 

flow rate from 300 gpm to 3 50 gpm during focused pumping. 

A separate agreement with the Village of Hartford dated September 24, 2013, established prior to the commencement 

of construction activities, consented to the installation of the treatment system infrastructure including a 6-inch pipeline 

and provided access to the rights of way maintained by the Village of Hartford. This agreement also established 

operational limits for focused pumping (i.e., duration and shutdown criteria), as well as payment terms for discharging 

treated water into the Village of Hartford CSS. In an October 23, 2013 addendum to this agreement, the Village of 

Hartford provided Apex a pennanent easement for the discharge line with specific provisions for reverting line 

ownership back to the Village of Hartford under certain circumstances. An additional amendment dated September 24, 

2014 allowed Apex to resume the additional LNAPL recovery pilot test in Area A at an increased flow rate of350 gpm. 

In order to accommodate the increased discharge rate, Apex agreed to install a real-time remote fluid level transducer 

and telemetry system within the combined sewer overflow weir near the intersection of Old St. Louis Road and West 

Hawthorne Street. The remote monitoring equipment provided an early warning to prevent fluids in the Village of 

M:\0IDB\ApexOilCo\Hartforo"IPro,ieciDocs\LNAPLRecov\Reports\201509_LNAPLRecoveryPilotTestContinuation_Draft\1•Text\201509_Draft-PitotTestContinuation_RPT.docx 3-1 



pri ted 07/21/2016 2:09PM by Dave.Gambach p. 19/99

Hartford sewer system (including sewage, storm water, and treated groundwater) from discharging directly into the 

Mississippi River (referred to as a combined sewer overflow event). Furthermore, within this amendment, Apex 

assumed sole responsibility of payment and fines levied against the Village of Hartford should a combined sewer 

overflow event occur during the resumed pilot test in Area A.

In addition, the Village of Hartford and City of Wood River provided consent to resume pilot test activities by signing 

the Application for Permit of Construction/Operation Approval (Application) dated November 17, 2014. The 

Application requested minor modifications to Permit No. 2014-EE-58312 issued by the Illinois EPA Division of Water 

on January 23, 2014, including an increase in the maximum pumping rate from 300 to 350 gpm, changes in the 

groundwater treatment infrastructure, and performing real-time monitoring of fluid levels within the Village of 

Hartford combined sewer overflow weir. The requested minor modifications were granted by the Illinois EPA Division 

of Water via issuance of Permit No. 2014-EE-58312-1 on February 10, 2015. A copy of the modified permit is 

provided in Appendix C.

3.2 RESUMED PILOT TEST START UP

As described in the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), focused pumping would only be capable of exposing additional portions of the LNAPL smear zone within the 

Main Sand stratum when groundwater conditions are unconfined (groundwater generally below 400 ft-amsl beneath 

Area A). In order to track groundwater conditions in Area A, fluid level measurements were gauged weekly within 

three trigger wells (ASW-003, HMW-044C, and MPE-A003). Focused pumping could only proceed when ambient 

groundwater elevations were below the 400 ft-amsl trigger elevation in at least two of the three trigger wells. As 

depicted on Figure 5, groundwater elevations were below 400 ft-amsl in all three trigger wells beginning on 

December 11, 2014 and remained so through the duration of the resumed pilot test.

On December 31,2014, an initial 5,000-gallons of groundwater were extracted from production well HPW-01 and 

processed within the temporary treatment system installed in Area A in order to confirm the adequacy of treatment 

prior to discharging water to the Village of Hartford CSS. In order to treat this first batch of groundwater, the system 

was reconfigured so that extracted groundwater was pumped directly through the bag filters and GAC vessels with the 

treated discharge routed to the primary frac tank for temporary storage. Treated groundwater samples were collected 

from sample port SP-02 (following treatment through the two GAC vessels) and submitted to Teklab, Inc. for expedited 

analysis o f volatile petroleum related constituents via USEPA Method 8260, polycyclic aromatic hydrocarbons (PAHs) 

via USEPA Method 8270, oil and grease using USEPA Method 1664A, dissolved arsenic and lead via USEPA 

Method 6020, chemical oxygen demand (COD) by USEPA Method EPA 410.4, and biological oxygen demand (BOD)
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Hartford sewer system (including sewage, storm water, and treated groundwater) from discharging directly into the 

Mississippi River (referred to as a combined sewer overflow event). Furthermore, within this amendment, Apex 

assumed sole responsibility of payment and fines levied against the Village of Hartford should a combined sewer 

overflow event occur during the resumed pilot test in Area A. 

In addition, the Village of Hartford and City of Wood River provided consent to resume pilot test activities by signing 

the Application for Permit of Construction/Operation Approval ( Application) dated November I 7, 2014. The 

Application requested minor modifications to Permit No. 20 l 4-EE-58312 issued by the Illinois EPA Division of Water 

on January 23, 2014, including an increase in the maximum pumping rate from 300 to 350 gpm, changes in the 

groundwater treatment infrastructure, and perf onning real-time monitoring of fluid levels within the Village of 

Hartford combined sewer overflow weir. The requested minor modifications were granted by the Illinois EPA Division 

of Water via issuance of Permit No.2014-EE-58312-1 on February 10, 2015. A copy of the modified permit is 

provided in Appendix C. 

3.2 RESUMED PILOT TEST START UP 

As described in the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), focused pumping would only be capable of exposing additional portions of the LNAPL smear zone within the 
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Main Sand stratum when groundwater conditions are unconfined (groundwater generally below 400 ft-amsl beneath I 
Area A). In order to track groundwater conditions in Area A, fluid level measurements were gauged weekly within 

three trigger wells (ASW-003, HMW-044C, and MPE-A003). Focused pumping could only proceed when ambient 

groundwater elevations were below the 400 ft-ams! trigger elevation in at least two of the three trigger wells. As 

depicted on Figure 5, groundwater elevations were below 400 ft-ams] in all three trigger wells beginning on 

December I 1, 2014 and remained so through the duration of the resumed pilot test. 

On December 31, 2014, an initial 5,000-gallons of groundwater were extracted from production well HPW-0 I and 

processed within the temporary treatment system installed in Area A in order to confirm the adequacy of treatment 

prior to discharging water to the Village of Hartford CSS. In order to treat this first batch of groundwater, the system 

was reconfigured so that extracted groundwater was pumped directly through the bag filters and GAC vessels with the 

treated discharge routed to the primary frac tank for temporary storage. Treated groundwater samples were collected 

from sample port SP-02 (following treatment through the two GAC vessels) and submitted to Teklab, Inc. for expedited 

analysis of volatile petroleum related constituents via USEPA Method 8260, polycyclic aromatic hydrocarbons (PAHs) 

via USEPA Method 8270, oil and grease using USEP A Method 1664A, dissolved arsenic and lead via USEP A 

Method 6020, chemical oxygen demand (COD) by US EPA Method EPA 410.4, and biological oxygen demand (BOD) 
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by Standard Method 521 OB. The analytical results for this first batch of treated water including a comparison to the 

effluent limits are provided on Tables 3 A and 3B. The analytical reports provided by the laboratory are included in 

Appendix D.

Upon receipt of the analytical results demonstrating that the temporary treatment system was effective at reducing 

concentrations in extracted groundwater below the effluent limits, the first batch of treated water stored within the frac 

tank was discharged to the Village of Hartford CSS. Following the conclusion of the batch test, the treatment system 

was reconfigured for continuous operation.

3.3 REMOTE FLUID LEVEL MONITORING IN COMBINED SEWER OVERFLOW

On January 9,2015, prior to the start of step testing, a real-time remote fluid level monitoring system (consisting of a 

pressure transducer, data logger, and telemetry equipment) was installed within the manway accessing the Village of 

Hartford combined sewer overflow weir near the intersection of Old St. Louis Road and West Hawthorne Street. The 

data logging and telemetry equipment was installed within a 14-inch by 18-inch by 6-inch junction box on the interior 

of the manway, The pressure transducer was installed within 1 -inch-diameter PVC casing terminating at the invert of 

the sewer pipe. The PVC casing was anchored to the side of the manway and used to protect the transducer from debris 

flowing through the sewer. Finally, a cellular antenna was affixed near the top of the manhole immediately below the 

manhole cover. The existing cast-iron manhole cover was replaced with a composite cover to facilitate cellular 

transmission from below street grade. A computer was connected to the telemetry equipment and the system was 

calibrated (based on the measured fluid level and overflow weir elevation). The system was then remotely 

programmed to provide an emergency call to key site personnel upon exceedance of a threshold fluid level 

corresponding to 0.2-feet of freeboard (i.e., call outs occurred when the water level was within 0.2 feet of the top of the 

overflow weir). Periodically during focused pumping, site personnel adjusted the rate at which treated groundwater 

was discharged into the sewers from the temporary treatment system based upon alarm notifications and inspection of 

fluid levels within the combined sewer overflow.

3.4 TEMPORARY TREATMENT SYSTEM OPERATION

Pumping commenced on January 9,2015 with a short-term step test consisting of discrete pumping rates ranging from 

approximately 50 to 300 gpm. Pumping rates were increased in approximate 50 gpm increments. Each step consisted 

of a short time segment during which groundwater was extracted at a constant rate while fluid levels were manually 

gauged within the groundwater production and LNAPL recovery wells, and monitored using pressure transducers 

installed within the three proximal piezometers. The groundwater extraction rate for each step was measured using an 

in-line flow meter. Results of the short-term step test are summarized in Section 4.2.
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by Standard Method 521 OB. The analytical results for this first batch of treated water including a comparison to the 

effluent limits are provide4 on Tables 3A and 38. The analytical reports provided by the laboratory are included in 

Appendix D. 

Upon receipt of the analytical results demonstrating that the temporary treatment system was effective at reducing 

concentrations in extracted groundwater below the effluent limits, the first batch of treated water stored within the frac I tank was discharged to the Village of Hartford CSS. Following the conclusion of the batch test, the treatment system 

was reconfigured for continuous operation. 
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3.3 REMOTE FLUID LEVEL MONITORING IN COMBINED SEWER OVERFLOW. 

On January 9, 2015, prior to the start of step testing, a real•time remote fluid level monitoring system (consisting of a 

pressure transducer, data logger, and telemetry equipment) was instatled within the manway accessing the Village of 

Hartford combined sewer overflow weir near the intersection of Old St. Louis Road and West Hawthorne Street. The 

data logging and telemetry equipment was installed within a 14.inch by l 8•inch by 6•inch junction box on the interior 

of the man way. The pressure transducer was installed within 1-inch•diameter PVC casing terminating at the invert of 

the sewer pipe. The PVC casing was anchored to the side of the man way and used to protect the transducer from debris 

flowing through the sewer. Finally, a cellular antenna was affixed near the top of the manhole immediately below the 

manhole cover. The existing cast.iron manhole cover was replaced with a composite cover to facilitate cellular 

transmission from below street grade. A computer was connected to the telemetry equipment and the system was 

calibrated (based on the measured fluid level and overflow weir elevation). The system was then remotely 

programmed to provide an emergency call to key site personnel upon exceedance of a threshold fluid level 

corresponding to 0.2.feet of freeboard (i.e., call outs occurred when the water level was within 0.2 feet of the top of the 

overflow weir). Periodically during focused pumping, site personnel adjusted the rate at which treated groundwater 

was discharged into the sewers from the temporary treatment system based upon alarm notifications and inspection of 

fluid levels within the combined sewer overflow. 

3.4 TEMPORARY TREATMENT SYSTEM OPERATION 

Pumping commenced on January 9, 2015 with a shorHerm step test consisting of discrete pumping rates ranging from 

approximately 50 to 300 gpm. Pumping rates were increased in approximate 50 gpm increments. Each step consisted 

of a short time segment during which groundwater was extracted at a constant rate while fluid levels were manually 

gauged within the groundwater production and LNAPL recovery wells, and monitored using pressure transducers 

installed within the three proximal piezometers. The groundwater extraction rate for each step was measured using an 

in.Jine flow meter. Results of the short.term step test are summarized in Section 4.2. 
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On January 10, 2015, focused pumping proceeded following the increase in the pumping rate to approximately 

300 gpm. During focused pumping, system operational data (e.g., fluid level, flow rate, %LEL) were recorded. 

Operational data including pumping rates and groundwater elevations recorded during step testing and focused 

pumping are provided in Table 4. It should be noted that the %LEL in the headspace of the treated water being 

discharged into the Village of Hartford sewer main remained at 0.0% throughout the pilot test; therefore, the PID 

measurements were not included on Table 4 with the remainder of the operational data.

On February 12,2015, the pumping rate was increased to approximately 320 gpm following issuance of Permit No.

2014-HE-58312-1 by the Illinois EPA Division of Water. Constant groundwater extraction rates were maintained with 

the exception of brief periods when the pumping rate was reduced or temporarily suspended due to: (1) high fluid 

levels in the Village of Hartford combined sewer overflow weir, or (2) during maintenance of the temporary treatment 

system. Maintenance activities generally consisted of replacing bag filters, periodic backwashing of the GAC media, 

as well as replacing spent GAC media within the treatment vessels. Between March 6 and 8, 2015, an amperage 

overload occurred several times in the transfer pump between the two GAC vessels, which temporarily suspended 

groundwater extraction due to high water level conditions within the ffac tanks. As shown on Table 4, the average 

pumping rate was reduced during these three days while addressing the amperage issues within this transfer pump,

3.5 TREATMENT SYSTEM COMPLIANCE MONITORING

Effluent concentration limits for discharge of treated groundwater into the Village of Hartford CSS were established 

within the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 2013a) for 

benzene, ethylbenzene, toluene, and xylenes; as well as agreements with the Village of Hartford (oil & grease) and City 

of Wood River (BOD and COD). Treated groundwater samples were collected at sample port SP-02 prior to discharge 

to the Village of Hartford CSS on a weekly basis following system startup. Weekly samples were also collected to 

assess influent groundwater quality prior to treatment (sample port SP-00) and to monitor for breakthrough of dissolved 

phase constituents within the primary GAC treatment vessel (sample port SP-01). Samples collected from sample ports 

SP-00 and SP-01 were not analyzed for BOD, COD, and oil and grease.

Results of the treatment system compliance monitoring and comparison to the effluent discharge limits are summarized 

in Tables 3A and 3B, Analytical results demonstrate that the discharge limits were not exceeded at any time during 

operation of the temporary treatment system. However, elevated benzene concentrations reported in the sample 

collected from port SP-01 on January 13, 2015 and samples collected from ports SP-01 and SP-02 on January 21,2015, 

indicated that the GAC media was reaching adsorptive capacity for dissolved phase petroleum hydrocarbons.

Therefore, between January 7 and 8, 2015, the GAC was extracted from the two 10,000-pound treatment vessels and
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On January 10, 2015, focused pumping proceeded following the increase in the pumping rate to approximately 

300 gpm. During focused pumping, system operational data (e.g., fluid level, flow rate, ¾LEL) were recorded. 

Operational data including pumping rates and groundwater elevations recorded during step testing and focused 

pumping are provided in Table 4. It should be noted that the %LEL in the headspace of the treated water being 

discharged into the Village of Hartford sewer main remained at 0.0% throughout the pilot test; therefore, the PIO 

measurements were not included on Table 4 with the remainder of the operational data. 

On February 12, 2015, the pumping rate was increased to approximately 320 gpm following issuance of Permit No. 

2014-EE-58312-1 by the Illinois EPA Division of Water. Constant groundwater extraction rates were maintained with 

the exception of brief periods when the pumping rate was reduced or temporarily suspended due to: (1) high fluid 

levels in the Village of Hartford combined sewer overflow weir, or (2) during maintenance of the temporary treatment 

system. Maintenance activities generally consisted of replacing bag filters, periodic backwashing of the GAC media, 

as well as replacing spent GAC media within the treatment vessels. Between March 6 and 8, 2015, an amperage 

overload occurred several times in the transfer pump between the two GAC vessels, which temporarily suspended 

groundwater extraction due to high water level conditions within the frac tanks. As shown on Table 4, the average 

pumping rate was reduced during these three days while addressing the amperage issues within this transfer pump. 

3.5 TREATMENT SYSTEM COMPLIANCE MONITORING 

Effluent concentration limits for discharge of treated groundwater into the Village of Hartford CSS were established 

within the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 2013a) for 

benzene, ethylbenzene, toluene, and xylenes; as well as agreements with the Village of Hartford (oil & grease) and City 

of Wood River (BOD and COD). Treated groundwater samples were collected at sample port SP-02 prior to discharge 

to the Village of Hartford CSS on a weekly basis following system startup. Weekly samples were also collected to 

assess influent groundwater quality prior to treatment (sample port SP-00) and to monitor for breakthrough of dissolved 

phase constituents within the primary GAC treatment vessel (sample port SP-01). Samples collected from sample ports 

SP-00 and SP-01 were not analyzed for BOD, COD, and oil and grease. 

Results of the treatment system compliance monitoring and comparison to the effluent discharge limits are summarized 

in Tables 3A and 3B. Analytical results demonstrate that the discharge limits were not exceeded at any time during 

operation of the temporary treatment system. However, elevated benzene concentrations reported in the sample 

collected from port SP-01 on January 13, 2015 and samples collected from ports SP-01 and SP-02 on January 21, 2015, 

indicated that the GAC media was reaching adsorptive capacity for dissolved phase petroleum hydrocarbons. 

Therefore, between January 7 and 8, 2015, the GAC was extracted from the two 10,000-pound treatment vessels and 
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replaced with regenerated carbon. The spent activated carbon was staged to the south of 309 North Olive Street and 

transported by Tetrasolv Services on February 8, 2015 for regeneration.

3.6 AMBIENT AIR MONITORING

Modelling of potential volatile emission rates prior to the pilot test determined that an air permit would not be required 

and that operations of the temporary treatment system was instead eligible for registration under the Illinois EPA 

Registration of Smaller Sources (ROSS) program. Monitoring of ambient air quality was continued during the resumed 

pilot test and appropriate documentation maintained to demonstrate compliance with the ROSS program, as well as to 

evaluate future air permitting requirements. Specifically, the effects of focused pumping and subsequent treatment of 

extracted groundwater on the ambient air quality immediately adjacent to the treatment system was assessed via 

collection of ambient air samples at one upwind and one downwind location. The upwind sample location was 

established to the southeast of 309 North Olive Street between the Premcor facility and the temporary treatment system. 

The downwind sample was collected to the north of 311 North Olive Street. Figure 1 shows the up and downwind 

sample locations. Ambient air samples were collected using passivated 6-liter Summa canisters and submitted to ALS 

Environmental for analysis of volatile petroleum related constituents using USEPA Method TO-15LL, which yields 

reporting limits approximately one-fifth of that provided via the standard TO-15 Method.

Ambient air samples were collected daily between January 9 and January 11 and submitted for expedited analysis to 

ALS Environmental. In subsequent weeks, 72-hour ambient air samples were collected on a weekly basis and 

submitted for standard analysis. A summary of the analytical results is provided in Table 5. Laboratory analytical 

reports for the ambient air samples collected during the pilot test are included in Appendix E.

As shown on Table 5, volatile petroleum and non-petroleum related constituents were routinely observed in both the 

upwind and downwind samples collected during the pilot test. However, results from the 24-hour samples collected 

during the first week of the pilot test indicated volatile petroleum related constituents in the downwind ambient air 

samples exceeded the upwind samples by a relative percent difference (RPD) greater than 25% for select constituents, 

particularly benzene. In accordance with the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan 

Addendum (Trihydro 2013a), leak detection monitoring was conducted on January 14,2015 using a ñame ionization 

detector to locate and mitigate the source(s) of the volatile emissions. Leak detection monitoring identified a 

malfunctioning pressure relief valve on the second frac tank and improperly sealed hatches on both frac tanks. The 

pressure relief valve was repaired and the hatches on the two frac tanks were resealed to reduce potential volatile 

hydrocarbon emissions. Subsequent air monitoring results indicated an overall reduction in the RPD between the
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replaced with regen~rated carbon. The spent activated carbon was staged to the south of 309 North Olive Street and 

transported by Tetrasolv Services on February 8, 2015 for regeneration. 

3.6 AMBIENT AIR MONITORING 

Modelling of potential volatile emission rates prior to the pilot test determined that an air permit would not be required 

and that operations of the temporary treatment system was instead eligible for registration under the Illinois EPA 

Registration of Smaller Sources (ROSS) program. Monitoring of ambient air quality was continued during the resumed 

pilot test and appropriate documentation maintained to demonstrate compliance with the ROSS program, as well as to 

evaluate future air pennining requirements. Specifically, the effects of focused pumping and subsequent treatment of 

extracted groundwater on the ambient air quality immediately adjacent to the treatment system was assessed via 

collection of ambient air samples at one upwind and one downwind location. The upwind sample location was 

established to the southeast of 309 North Olive Street between the Premcor facility and the temporary treatment system. 

The downwind sample was collected to the north of 311 North Olive Street. Figure 1 shows the up ~d downwind 

sample locations. Ambient air samples were collected using passivated 6-liter Summa canisters and submitted to ALS 

Environmental for analysis of volatile petroleum related constituents using USEP A Method TO-1 SLL, which yields 

reporting limits approx.imately one-fifth of that provided via the standard TO-15 Method. 

Ambient air samples were collected daily between January 9 and January 11 and submitted for expedited analysis to 

ALS Environmental. In subsequent weeks, 72-hour ambient air samples were collected on a weekly basis and 

submitted for standard analysis. A summary of the analytical results is provided in Table 5. Laboratory analytical 

reports for the ambient air samples collected during the pilot test are included in Appendix E. 

As sho'Ml on Table 5, volatile petroleum and non-petroleum related constituents were routinely observed in both the 

upwind and downwind samples collected during the pilot test. However, results from the 24-hour samples collected 

during the first week of the pilot test indicated volatile petroleum related constituents in the downwind ambient air 

samples exceeded the upwind samples by a relative percent difference (RPO) greater than 25% for select constituents, 

particularly benzene. In accordance with the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan 

Addendum (Trihydro 2013a), leak detection monitoring was conducted on January 14, 2015 using a flame ionization 

detector to locate and mitigate the source(s) of the volatile emissions. Leak detection monitoring identified a 

malfunctioning pressure relief valve on the second frac tank and improperly sealed hatches on both frac tanks. The 

pressure relief valve was repaired and the hatches on the two frac tanks were resealed to reduce potential volatile 

hydrocarbon emissions. Subsequent air monitoring results indicated an overall reduction in the RPO between the 
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upwind and downwind samples for petroleum related constituents. The RPD for benzene concentrations was less than 

25% for the remainder of the resumed pilot test, with the exception of the final sample collected on March 5, 2015.

3.7 Focused Pumping Termination and System Decommissioning

In accordance with the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), the pilot test was completed on March 10, 2015 following 60 days of continuous pumping. Focused pumping 

was not suspended during the resumed pilot test due to a triggering event such as elevated precipitation rates or high 

river stage. As shown on Figure 5, daily precipitation did not exceed more than 0.5 inch over a 24-hour period and the 

Mississippi River Stage did not exceed 410 ft-amsl as measured at the Melvin Price Lock and Dam in Alton, Illinois.

On March 10, 2015, decommissioning of the temporary groundwater treatment system began with draining the frac 

tanks and GAC vessels, followed by removing accumulated sediments. The frac tanks were demobilized on March 11, 

2015. Following removal of the frac tanks, the riser pipe and submersible pump from the production well were 

removed, dismantled, decontaminated, and prepared for shipping, On March 12,2015, a 50-ton crane was used to load 

the GAC vessels onto separate flatbed trailers for subsequent transport off-site. Prior to loading the vessels, the spent 

GAC was removed and transported for regeneration. Additional equipment such as transfer pumps, filter apparatus, 

hoses, and valves were also loaded onto flatbed trailers for shipment.
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upwind and downwind samples for petroleum related constituents. The RPD for benzene concentrations was less than 

25% for the remainder of the resumed pilot test, with the exception of the final sample collected on March 5, 2015. 

3. 7 Focused Pumping Termination and System Decommissioning 

In accordance with the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan Addendum (Trihydro 

2013a), the pilot test was completed on March I 0, 2015 following 60 days of continuous pumping. Focused pumping 

was not suspended during the resumed pilot test due to a triggering event such as elevated precipitation rates or high 

river stage. As shown on Figure 5, daily precipitation did not exceed more than 0.5 inch over a 24-hour period and the 

Mississippi River Stage did not exceed 410 ft-amsl as measured at the Melvin Price Lock and Dam in Alton, Illinois. 

On March 10, 2015, decommissioning of the temporary groundwater treatment system began with draining the frac 

tanks and GAC vessels, followed by removing accumulated sediments. The frac tanks were demobilized on March 11, 

2015. Following removal of the frac tanks, the riser pipe and submersible pump from the production well were 

removed, dismantled, decontaminated, and prepared for shipping. On March 12, 2015, a 50-ton crane was used to load 

the GAC vessels onto separate flatbed trailers for subsequent transport off-site. Prior to loading the vessels, the spent 

GAC was removed and transported for regeneration. Additional equipment such as transfer pumps, filter apparatus, 

hoses, and valves were also loaded onto flatbed trailers for shipment. 
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4.0 PILOT TEST RESULTS

The additional LNAPL recovery pilot test was designed to determine if a focused pumping approach could: (1) sustain 

unconfined conditions in the Main Sand stratum, (2) expose additional portions of the smear zone that are typically 

submerged beneath the water table, and (3) enhance recovery of potentially mobile LNAPL and volatile petroleum 

hydrocarbons present in the Main Sand stratum beneath Area A. Performance monitoring was conducted prior to 

initiating focused pumping to establish baseline conditions, as well as during and following completion of the pilot test 

to evaluate the effects of focused pumping on hydraulic conditions, LNAPL mobility, and mass recovery. Performance 

monitoring included manual and automated gauging of fluid levels, LNAPL baildown testing, vapor screening in the 

multiphase and vapor extraction wells located in Area A, as well as dissolved-phase monitoring. A summary of 

performance monitoring conducted prior to, during, and following focused pumping is provided in Table 6.

4.1 BASELINE FLUID LEVEL MONITORING

Manual fluid level gauging resumed on December 4,2014 in twenty-seven wells situated in Area A, as well as two 

background locations outside of Area A (Table 6). Gauging was conducted weeldy, primarily within the Main Sand 

stratum, to provide baseline fluid level data and to monitor drawdown across Area A following the commencement of 

focused pumping. Measurements recorded within the multipurpose monitoring points MP-035D and MP-085D 

provided ambient fluctuations in fluid level elevations in the Main Sand stratum attributed to precipitation, Mississippi 

River stage, and pumping at nearby facilities.

In addition to weekly manual gauging, pressure transducers were deployed in twelve groundwater monitoring locations 

within the Main Sand including ASW-01, ASW-03, HMW-044C, MP-035D, MP-054C, MP-133, MP-134, MP-135, 

MP-137, PZ-01, PZ-02, and PZ-03. Two additional pressure transducers deployed within multipurpose monitoring 

points MP-055C and MP-85D malfunctioned during focused pumping, and the data could not be retrieved from these 

transducers following the pilot test.

During baseline monitoring, the pressure transducers recorded the piezometric surface on an 8-hour interval. The 

measurement interval was modified prior to the beginning of focused pumping to 5-minutes to provide higher 

resolution data throughout the pilot test. Figure 7 presents hydrographs prepared using the pressure transducer results 

from select monitoring locations with increasing distance from the production well HPW-01. As shown on Figure 7, 

the piezometric surface at the beginning of focused pumping was higher than that observed at the beginning of the 2014 

partial test. There was a slight increase in groundwater elevation in the Main Sand stratum in the week prior to the start
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The additional LN APL recovery pilot test was designed to determine if a focused pumping approach could: (I) sustain 

unconfined conditions in the Main Sand stratum, (2) expose additional portions of the smear zone that are typically 

submerged beneath the water table, and (3) enhance recovery of potentially mobile LNAPL and volatile petroleum 

hydrocarbons present in the Main Sand stratum beneath Area A. Performance monitoring was conducted prior to 

initiating focused pumping to establish baseline conditions, as well as during and following completion of the pilot test 

to evaluate the effects of focused pumping on hydraulic conditions, LNAPL mobility, and mass recovery. Performance 

monitoring included manual and automated gauging of fluid levels, LNAPL baildown testing, vapor screening in the 

multiphase and vapor extraction wells located in Area A, as well as dissolved-phase monitoring. A summary of 

performance monitoring conducted prior to, during, and following focused pumping is provided in Table 6. 

4.1 BASELINE FLUID LEVEL MONITORING 

Manual fluid level gauging resumed on December 4, 2014 in twenty-seven wells situated in Area A, as well as two 

background locations outside of Area A (Table 6). Gauging was conducted weekly, primarily within the Main Sand 

stratum, to provide baseline fluid level data and to monitor drawdown across Area A following the commencement of 

focused pumping. Measurements recorded within the multipurpose monitoring points MP-035D and MP-085D 

provided ambient fluctuations in fluid level elevations in the Main Sand stratum attnbuted to precipitation, Mississippi 

River stage, and pumping at nearby facilities. 

In addition to weekly manual gauging, pressure transducers were deployed in twelve groundwater monitoring locations 

within the Main Sand including ASW-01, ASW-03, HMW-044C, MP-035D, MP-054C, MP-133, MP-134, MP-135, 

MP-137, PZ-01, PZ-02, and PZ-03. Two additional pressure transducers deployed within multipurpose monitoring 

points MP-0SSC and MP-85D malfunctioned during focused pumping, and the data could not be retrieved-from these 

transducers following the pilot test. 

During baseline monitoring, the pressure transducers recorded the piezometric surface on an 8-hour interval. The 

measurement interval was modified prior to the beginning of focused pumping to 5-minutes to provide higher 

resolution data throughout the pilot test. Figure 7 presents hydrographs prepared using the pressure transducer results 

from select monitoring locations with increasing distance from the production well HPW-01. As shown on Figure 7, 

the piezometric surface at the beginning of focused pumping was higher than that observed at the beginning of the 2014 

partial test. There was a slight increase in groundwater elevation in the Main Sand stratum in the week prior to the start 
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of focused pumping; however, regional groundwater elevations, as measured at MP-035D, steadily declined throughout 

the 60-day test. Piezometric data recorded via the individual pressure transducers is included in Appendix F.

4.2 SHORT-TERM STEP TEST

The short-term pumping test was completed between January 9 and 10,2015 to evaluate sustainable flow rates within 

the production well HPW-01. The groundwater recovery rate for each step during the test was estimated using the in­

line flow meter. Groundwater levels were measured and recorded using the pressure transducer installed in the 

production well. The average pumping rates for the individual steps were 60.6, 97,4, 160.4, 196.1,254.8, and 

301.4 gpm. As shown on Figure 8, drawdown was initially steep as each step was initiated, after which drawdown 

stabilized within a short timeframe. The relationship between drawdown and discharge in a pumping well is described 

using the following equation (Jacobs 1947):

i

I

H
H
»

I

ST = BQ + CQ2

Where

St = total drawdown (feet)

B = aquifer loss coefficient (feet/gpm) 

C = well loss coefficient (feet/gpm2)

Q = discharge at each step (gpm)

1

»

K

The aquifer loss (B) and well loss (C) coefficients were calculated using Bierschenck’s Method (Kasenow 2001), which 

applies a linear regression to the step-drawdown results, The aquifer loss coefficient (5) describes the drawdown in the 

pumping well attributed to laminar flow using the following equation from Bierschenk’s Method:
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The well loss coefficient (C) describes the drawdown in the pumping well attributed to turbulent flow through the 

formation using the equation:
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of focused pumping; however, regional groundwater elevations, as measured at MP-035D, steadily declined throughout 

the 60-day test. Piezometric data recorded via the individual pressure transducers is included in Appendix F. 

4.2 SHORT-TERM STEP TEST 

The short-tenn pumping test was completed between January 9 and 10, 2015 to evaluate sustainable flow rates within 

the production well HPW-01. The groundwater recovery rate for each step during the test was estimated using the in­

line flow meter. Groundwater levels were measured and recorded using the pressure transducer installed in the 

production well. The average pumping rates for the individual steps were 60.6, 97.4, 160.4, 196.1, 254.8, and 

301.4 gpm. As shown on Figure 8, drawdown was initially steep as each step was initiated, after which drawdown 

stabilized within a short timeframe. The relationship between drawdown and discharge in a pumping well is described 

using the following equation (Jacobs 1947): 

Where 

Sr total drawdown (feet) 

Sr= BQ + CQ2 

B aquifer loss coefficient (feet/gpm) 

C 

Q 

well loss coefficient (feet/gpm2
) 

discharge at each step (gpm) 

The aquifer loss (B) and well loss (C) coefficients were calculated using Bierschenck's Method (Kasenow 2001), which 

applies a linear regression to the step-drawdown results. The aquifer loss coefficient (B) describes the drawdown in the 

pumping well attributed to laminar flow using the following equation from Bierschenk's Method: 

_ L~LQ2 
- IQ LS 

B- nrQ2-(LQ)2 

The well loss coefficient ( C) describes the drawdown in the pumping well attributed to turbulent flow through the 

fonnation using the equation: 
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Where:

n = step number

s = drawdown at each step (feet)

As a partially penetrating well, both laminar and turbulent flow contribute to the discharge within production well 

HPW-01 ; however, laminar flow is the dominant mechanism by which groundwater flows to the pumping well. This is 

demonstrated using the following equations:

If:
sa = BQ

And:
=

Then:

Where:

sa = drawdown due to laminar flow (feet)

sw = drawdown due to turbulent flow (feet)

Total drawdown at the production well is equivalent to the sum of the calculated drawdown attributed to laminar flow 

and the calculated drawdown attributed to turbulent flow. The aquifer loss coefficient (B) and the well loss coefficient 

(C) can be used to determine the well efficiency (£w) for each step during the test using the following equation:

n 100BQ 
Ew~ BQ + CQ2

A summary of the step-test analysis using Bierschenk’s Method including the drawdown due to laminar flow, 

drawdown due to turbulent flow, and well efficiency is provided in Table 7. Well efficiency varies with increased 

discharge, and in the case of the production well, efficiency decreased with each step due to the decrease in the specific 

capacity of the well (Q/s) as time progressed and discharge increased. The aquifer loss coefficient (B) and the welt loss 

coefficient (C) for the production well were calculated to be 0.014 feet/gpm and 8.4E-06 feet/gpm2, respectively. As 

expected, the aquifer loss coefficient is substantially greater than the well loss coefficient due to the greater influence of 

laminar flow versus turbulent flow to the production well. Based on the results of the step test, the well efficiencies 

estimated for production well HPW-01 exceeded 80% for discharges up to 300 gpm, indicating sustainable recovery in
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If: 

And: 

Then: 

Where: 

drawdown due to laminar flow (feet) 

:;; drawdown due to turbulent flow (feet) 

Sa= BQ 

Sw = CQ2 

Sa tw Q=-+ -B C 

Total drawdown at the production well is equivalent to the sum of the calculated drawdown attnbuted to laminar flow 

and the calculated drawdown attributed to turbulent flow. The aquifer loss coefficient (B) and the well loss coefficient 

(C) can be used to detennine the well efficiency (£...,) for each step during the test using the following equation: 

lOOBQ 
Ew = BQ + CQ2 

A summary of the step-test analysis using Bierschenk's Method including the drawdown due to laminar flow, 

drawdown due to turbulent flow, and well efficiency is provided in Table 7. Well efficiency varies with increased 

discharge, and in the case of the production well, efficiency decreased with each step due to the decrease in the specific 

capacity of the well (Q/s) as time progressed and discharge increased. The aquifer loss coefficient (B) and the well loss 

coefficient ( C) for the production well were calculated to be 0.014 feetlgprri and 8.4E-06 feet/gpm2
, respectively. As 

expected, the aquifer loss coefficient is substantially greater than the well loss coefficient due to the greater influence of 

laminar flow versus turbulent flow to the production well. Based on the results of the step test, the well efficiencies 

estimated for production well HPW-01 exceeded 80% for discharges up to 300 gpm, indicating sustainable recovery in 
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the production well over time. Production wells that are properly designed, constructed, and developed do not 

generally exhibit well efficiencies greater than 80% (Patchick 1967, Driscoll 1986). These results indicate that 

production well HPW-01 was properly designed and effective at removing groundwater at rates up to 300 gpm and 

increasing the pumping rate up to 350 gpm is achievable in a sustainable manner.

4.3 LONG-TERM FOCUSED PUMPING TEST

Long-term focused pumping began at a rate of approximately 300 gpm on January 10,2015 following the completion 

of the step test. On February 12, 2015, the pumping rate was increased to approximately 320 gpm following receipt of 

modified Permit No. 2014-EE-58312-1 issued by the Illinois EPA Division of Water. Constant pumping rates were 

generally maintained during the resumed pilot test as described in Section 3.3.

During focused pumping, manual fluid level measurements were collected in the production well (HPW-01) and 

LNAPL recovery well (HLRW-01) multiple times each day. Beginning on January 13, fluid level measurements were 

also collected at least once daily from the three groundwater piezometers (PZ-01 through PZ-03). In addition, fluid 

levels were gauged weekly within the 16 multipurpose monitoring points and groundwater monitoring wells situated in 

Area A, as well as the two background multipurpose monitoring points. The daily gauging measurements are 

summarized in Table 4. Weekly fluid level measurements are summarized in Table 8. It should be noted that fluid 

level measurements from the multiphase and SVE wells located in Area A are not included on Table 8, as the 

measurements collected during periods when vacuum is applied to these extraction wells are inaccurate. Additionally, 

fluid level measurements collected from the wells screened in the shallower hydrostratigraphic units unaffected by 

focused pumping (e.g., North Olive and Rand strata) were not included on Table 8.

A summary of the groundwater elevations measured in production well HPW-01 and other select monitoring locations 

in Area A with comparison to the background monitoring point MP-085D and the Mississippi River elevation are 

provided on Figure 9. A potentiometric surface map prepared using data collected on the final two days of focused 

pumping in included on Figure 10.

4.3.1 MISSISSIPPI RIVER ELEVATIONS

The Mississippi River elevation was measured below 399 ft-amsl in the days preceding the start of the pilot study and 

then increased by approximately 3-feet between January 10 and February 12, 2015. The river elevation subsequently 

decreased through March 8, 2015 reaching approximately the same elevation as observed at the start of focused 

pumping. The river elevation increased by nearly 6.5 feet between March 8 and March 20,2015, at the end of the pilot 

test.
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the production well over time. Production wells that are properly designed, constructed, and developed do not 

generally exhibit well efficiencies greater than 80% (Patchick 1967, Driscoll 1986). These results indicate that 

production well HPW-0 I was properly designed and effective at removing groundwater at rates up to 300 gpm and 

increasing the pumping rate up to 350 gpm is achievable in a sustainable manner. 

4.3 LONG-TERM FOCUSED PUMPING TEST 

Long-tenn focused pumping began at a rate of approximately 300 gpm on January 10, 2015 following the completion 

of the step test. On February 12, 2015, the pumping rate was increased to approximately 320 gpm following receipt of 
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modified Permit No. 2014-EE-58312-1 issued by the Illinois EPA Division of Water. Constant pumping rates were I 
generally maintained during the resumed pilot test as described in Section 3.3. 

During focused pumping, manual fluid level measurements were collected in the production well (HPW-01) and 

LNAPL recovery well (HLRW-01) multiple rimes each day. Beginning on January 13, fluid level measurements were 

also collected at least once daily from the three groundwater piezometers (PZ-01 through PZ-03). In addition, fluid 

levels were gauged weekly within the 16 multipurpose monitoring points and groundwater monitoring wells situated in 

Area A, as well as the two background multipurpose monitoring points. The daily gauging measurements are 

summarized in Table 4. Weekly fluid level measurements are summarized in Table 8. It should be noted that fluid 

level measurements from the multiphase and SVE wells located in Area A are not included on Table 8, as the 

measurements collected during periods when vacuum is applied to these extraction wells are inaccurate. Additionally, 

fluid level measurements collected from the wells screened in the shallower hydrostratigraphic units unaffected by 

focused pumping (e.g., North Olive and Rand strata) were not included on Table 8. 

A summary of the groundwater elevations measured in production well HPW-01 and other select monitoring locations 

in Area A with comparison to the background monitoring point MP-085D and the Mississippi River elevation are 

provided on Figure 9. A potentiometric surface map prepared using data collected on the final two days of focused 

pumping in included on Figure 10. 

4.3.1 MISSISSIPPI RIVER ELEVATIONS 
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The Mississippi River elevation was measured below 399 ft-ams! in the days preceding the start of the pilot study and I 
then increased by approximately 3-feet between January IO and February 12, 2015. The river elevation subsequently 

decreased through March 8, 2015 reaching approximately the same elevation as observed at the start of focused 

pumping. The river elevation increased by nearly 6.5 feet between March 8 and March 20, 2015, at the end of the pilot 

test. 
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4.3.2 GROUNDWATER ELEVATIONS IN MAIN SAND STRATUM

Despite fluctuations in the Mississippi River, the groundwater elevations in the Main Sand stratum beneath Area A, as 

well as the background locations, decreased continuously over the 60-day pilot test. Groundwater elevations in the 

production well and other monitoring locations in Area A decreased significantly over the first three days of focused 

pumping and continued decreasing at a rate that was slightly greater than the background monitoring point MP-085D 

until approximately January 19,2015 (Figure 9). Additional decreases in the groundwater elevations thereafter appear 

to be associated with regional trends in the Main Sand stratum (and not focused pumping) until February 12,2015, 

when the rate of pumping was increased to 320 gpm. The rate of decreasing water levels beneath Area A was slightly 

greater than ambient decreases in the water table (measured in the background wells) over the subsequent two weeks 

(until approximately February 25,2015); after which any additional lowering of the water table beneath Area A appears 

to be associated ■with regional trends. Groundwater elevations beneath Area A rebounded within one day of 

discontinuing focused pumping, after which any further increases appear to be attributable to the significant rise in the 

Mississippi River stage.

4.3.3 CORRECTED DRAWDOWN DURING FOCUSED PUMPING

The weekly fluid level measurements from the background monitoring locations (MP-035D and MP-085D) were used 

to estimate regional decreases in the water table. This regional change in the water table was then used to calculate 

corrected drawdown attributed to focused pumping in each of the monitoring locations in Area A. The corrected 

drawdown was estimated by first subtracting the average change in the ambient water table elevation within the two 

background locations from the drawdown estimated using the weekly measurements from the Area A monitoring 

network and then applying an additional correction factor that accounted for other influences on the water table in the 

Main Sand stratum beneath Area A. This second correction factor was applied since there were differences in the rate 

of water table fluctuation observed in Area A compared to the background locations following the termination of 

focused pumping. These differences in the rate of water table fluctuations suggest that there was either: (1) an 

additional influence depressing the water table beneath Area A (e.g., changes in operation of nearby wells at the 

Premcor facility) or (2) increasing groundwater elevations in the two background monitoring locations (e.g., changes in 

operations of production wells at the ConocoPhillips facilities) that needed to be accounted for in calculating drawdown 

attributed to pumping from production well HPW-01.

As shown on Table 8, a maximum corrected drawdown of approximately six feet was observed within groundwater 

production well HPW-01, with a corresponding drawdown of less than two feet in the piezometers and LNAPL 

recovery well installed in close proximity to the production well, and less than 0.5 feet of corrected drawdown 

approximately 250 feet from the production well during focused pumping. Figure 10 presents comparisons of the
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4.3.2 GROUNDWATER ELEVATIONS IN MAIN SAND STRATUM 

Despite fluctuations in the Mississippi River, the groundwater elevations in the Main Sand stratum beneath Area A, as 

well as the background locations, decreased continuously over the 60-day pilot test. Groundwater elevations in the 

production wel_l and other monitoring locations in Area A decreased significantly over the first three days of focused 

pumping and continued decreasing at a rate that was slightly greater than the background monitoring point MP-085O 

until approximately January 19, 2015 (Figure 9). Additional decreases in the groundwater elevations thereafter appear 

to be associated with regional trends in the Main Sand stratum (and_ not focused pumping) until February 12, 2015, 

when the rate of pumping was increased to 320 gpm. The rate of decreasing water levels beneath Area A was slightly 

greater than ambient decreases in the water table (measured in the background wells) over the subsequent two weeks 

(until approximately February 25, 2015); after which any additional lowering of the water table beneath Area A appears 

to be associated with regional trends. Groundwater elevations beneath Area A rebounded within one day of 

discontinuing focused pumping, after which any further increases appear to be attributable to the significant rise in the 

Mississippi River stage. 

4.3.3 CORRECTED DRAWDOWN DURING FOCUSED PUMPING 

The weekly fluid level measurements from the background monitoring locations (MP-035D and MP-085D) were used 

to estimate regional decreases in the water table. This regional change in the water table was then used to calculate I corrected drawdown attributed to focused pumping in each of the monitoring locations in Area A. The corrected 
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background locations from the drawdown estimated using the weekly measurements from the Area A monitoring 

network and then applying an additional correction factor ~at accounted for other influences on the water table in the 

Main Sand stratum beneath Area A. This second correction factor was applied since there were differences in the rate 

of water table fluctuation observed in Area A compared to the background locations following the termination of 

focused pumping. These differences in the rate of water table fluctuations suggest that there was either: (1) an 

additional influence depressing the water table beneath Area A (e.g., changes in operation of nearby wells at the 

Premcorfacility) or (2) increasing groundwater elevations in the two background monitoring locations (e.g., changes in 

operations of production wells at the ConocoPhillips facilities) that needed to be accountecl for in calculating drawdown 

attributed to pumping from production well HPW-0 l. 

As ~hown on Table 8, a maximum corrected drawdown of approximately s~ feet was observed within groundwater 

production well HPW-0 I, with a corresponding drawdown of less than two feet in the piezorneters and LN APL 

recovery well installed in close proximity to the production well, and less than 0.5 feet of corrected drawdown 

approximately 250 feet from the production well during focused pumping. Figure 10 presents comparisons of the 
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uncorrected and corrected drawdown calculated for the groundwater production well, LNAPL recovery well, select

monitoring locations in Area A, as well as the background monitoring point MP-085D. The difference between the isi

uncorrected and corrected drawdown at each location increases throughout focused pumping, as ambient decreases in HI

the water table account for additional increases in the uncorrected drawdown within a short time after initiating

pumping or increasing pumping rates (approximately 2 weeks), as described in previous subsection. |H

4.3.4 RADIUS OF INFLUENCE

The radius of influence (ROI) of focused pumping was determined by graphically comparing the corrected drawdown 

to the radial distance from the production well on a semi logarithmic plot, as shown on Figure 11. The ROI was 

estimated from manual gauging measurements collected on four separate dates during the pilot test including two dates 

when focused pumping was conducted at a rate of 300 gpm (January 13 and January 30) and two dates when focused 

pumping was performed at a rate of approximately 320 gpm (February 20 and March 10). These dates were selected to 

determine if the duration of pumping influenced the ROI. As shown on Figure 11, the ROI calculated for gauging 

results collected on January 13 (approximately 4 days after the start of pumping) was estimated at approximately 

440 feet beneath Area A. By January 30, the ROI had increased to approximately 650 feet (after 21 days of pumping at 

300 gpm). The ROI on February 20 and March 10, were approximately 695 and 710 feet respectively, at a pumping 

rate of 320 gpm. The ROI during the resumed pilot test was between 25% and 100% greater than that measured during 

the partial pilot test in early 2014 (Trihydro 2014b). The significant increase in ROI measured during the resumed pilot 

test can be attributed to: {1) higher sustained focused pumping rates and (2) decreasing ambient groundwater levels 

throughout the 60-day test.

4.3.5 TRANSMISSIVITY AND HYDRAULIC CONDUCTIVITY

The drawdown data collected daily from the LNAPL recovery well (HLRW-01) and piezometers (PZ-01 through 

PZ-03) were combined with the groundwater extraction rates recorded from the production well (HPW-01) to estimate 

the hydraulic properties within the Main Sand stratum beneath Area A, The Moench (1997) solution was selected to 

estimate hydraulic conductivity and transmissivity. The Moench solution is a multidimensional analysis that can 

reliably estimate hydraulic properties for data collected from partially penetrating wells within an unconfined aquifer. 

The analytical model considers early drainage of stored groundwater within the filter pack during pumping (referred to 

as borehole affects); in addition to the non-instantaneous release of water from portions of the aquifer that are located 

above a falling water table (referred to as delayed yield or delayed response). Delayed yield occurs due to elastic 

storage in the aquifer, in which little water actually drains from the pore space after initiating pumping. In an 

unconfined aquifer with delayed yield, the release of water from the pore space may take anywhere from minutes to 

days (Kasenow 2001). Over this period, groundwater remains in the pore spaces due to adhesion and cohesion
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4-6 M:V)toB\ApdxOllCol,Hartfortf\ProfectDocs\LNAPLRecovAReports^Ol509_LNlAPLR9COv$ryPiiotT«stContinuation_DraftM-Taji1l20150d_Drafl-RlotTe£tContinuation_RPT.docx

I
1

I
1

1

H
I
I
I
H
I
H
H
1

pri ed 07/21/2016 2':09PM by Dave.Gambach p. 29/99 

uncorrected and corrected drawdown calculated for the groundwater production well, LNAPL recovery well, select 

monitoring locations in Area A, as well as the background monitoring point MP-085D. The difference between the 

uncorrected and corrected drawdown at each location increases throughout focused pumping, as ambient decreases in 

the water table account for additional increases in the uncorrected drawdown within a short time after initiating 

pumping or increasing pumping rates (approximately 2 weeks), as described in previous subsection. 

4.3.4 RADIUS OF INFLUENCE 

The radius of influence (ROI) of focused pumping was determined by graphically comparing the corrected drawdown 

to the radial distance from the production well on a semi logarithmic plot, as shown on Figure I I. The ROI was 

estimated from manual gauging measurements co11ected on four separate dates during the pilot test including two dates 

when focused pumping was conducted at a rate of 300 gpm (January 13 and January 30) and two dates when focused 

pumping was performed at a rate ofapproximately 320 gpm (February 20 and March 10). These dates were selected to 

determine if the duration of pumping influenced the ROI. As shown on Figure 11, the ROI calculated for gauging 

results co11ected on January 13 (approximately 4 days after the start of pumping) was estimated at approximately 

440 feet beneath Area A. By January 30, the ROI had increased to approximately 650 feet (after 2 I days of pumping at 

300 gpm). The ROI on February 20 and March 10, were approximately 695 and 710 feet respectively, at a pumping 

rate of 320 gpm. The ROI during the resumed pilot test was between 25% and 100% greater than that measured during 

the partial pilot test in early 2014 (Trihydro 2014b ). The significant increase in ROI measured during the resumed pilot 

test can be attributed to: {I) higher sustained focused pumping rates and (2) decreasing ambient groundwater levels 

throughout the 60-day test. 

4.3.5 TRANSMISSIVITY AND HYDRAULIC CONDUCTIVITY 

The drawdown data collected daily from the LN APL recovery well (HLR W-0 l) and piezometers (PZ-0 l through 

PZ--03) were combined with the groundwater extraction rates recorded from the production well (HPW-01) to estimate 

the hydraulic properties within the Main Sand stratum beneath Area A. The Moench ( 1997) solution was selected to 

estimate hydraulic conductivity and transmissivity. The Moench solution is a multidimensional analysis that can 

reliably estimate hydraulic properties for data collected from partially penetrating wells within an unconfined aquifer. 

The analytical model considers early drainage of stored groundwater within the filter pack during pumping (referred to 

as borehole affects); in addition to the non-instantaneous release of water from portions of the aquifer that are located 

above a falling water table (referred to as delayed yield or delayed response). Delayed yield occurs due to elastic 

storage in the aquifer, in which little water actually drains from the pore space after initiating pumping. In an 

unconfined aquifer with delayed yield, the release of water from the pore space may take anywhere from minutes to 

days (Kasenow 2001 ). Over this period, groundwater remains in the pore spaces due to adhesion and cohesion 
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processes, until such time that these hydrostatic forces can be overcome by gravity (Kasenow 2001). This delayed 

yield from above the water table can have a significant influence on the response of the aquifer during a pumping test, 

as observed during the partial pilot test performed in early 2014 (Trihydro 2014b).

The groundwater extraction rates, drawdown measurements, and well construction details were tabulated and uploaded 

into AQTESOLV™, an aquifer test analysis software package. The inputs and results from the modelling performed 

using the Moench solution within AQTESOLV™ is provided in Appendix G. The transmissivity of the Main Sand 

stratum beneath Area A was estimated at 8,142 feet3/day with a hydraulic conductivity of 109 feet/day 

(3.8E-02 centimeters per second), assuming a saturated thickness of 75 feet within the Main Sand stratum. Previous 

hydraulic conductivity estimates for the central portions of the Hartford Site determined via slug testing performed 

under unconfined conditions in partially penetrating wells screened across the upper portions of the Main Sand range 

from 45 to 88 feet per day (1.6E-02 to 3.1E-02 centimeters per second, Clayton 2005). Additionally, hydraulic 

conductivity estimates reported via pump tests in die production wells installed in the Main Sand on the Premcor 

facility have been reported as high as 283 feet per day (1.0E-01 centimeters per second, Clayton 2005). The hydraulic 

conductivity and transmissivity calculated within the Main Sand beneath Area A are within the range of with historical 

measurements collected at the Hartford Site.

4.4 LNAPL OCCURRENCE IN AREA A

As summarized on Table 8, LNAPL was not observed in recovery well HLRW-01 nor the three piezometers located 

immediately adjacent to the groundwater production well in Area A during the 60-day pilot test. LNAPL thicknesses 

were not measured above 0.1-feet within any of the monitoring locations installed within 75 feet of the production well 

and screened in the Main Sand stratum. LNAPL was present at a greater thickness within several of the monitoring 

locations situated between 75 and 250 feet of the production well (including monitoring points MP-054C, MP-055C, 

MP-097D, MP-134, and MP-136), and while LNAPL thickness initially increased at the outset of pumping, it 

subsequently decreased within each of these wells over the duration of the pilot test. LNAPL was only present in a 

single location (monitoring point MP-055C at 0.02-feet) on the final day of the pilot test (March 10, 2015), when the 

water table was measured at the lowest elevation.

Figure 12 presents the potentiometric surface measured on March 9 and 10, 2015 relative to the LNAPL present in the 

smear zone as defined using laser induced fluorescence. With the exception of the production well, groundwater 

elevations in Area A were generally measured between 394.5 and 396 ft-amsl. The LNAPL smear zone is present 

between 385 and 400 ft-amsl beneath Area A. As shown on Figure 12, between 25 and 40% of the LNAPL smear zone 

was exposed at the end of the 60-day pilot test due to seasonally low groundwater elevations combined with the
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yield from above the water table can have a significant influence on the response of the aquifer during a pumping test, 

as observed during the partial pilot test perfonned in early 2014 (Trihydro 2014b). 

The groundwater extraction rates, drawdown measurements, and well construction details were tabulated and uploaded 

into AQTESOLV™, an aquifer test analysis software package. The inputs and results from the modelling perfonned 

using the Moench solution within AQTESOLV™ is provided in Appendix G. The transmissivity of the Main Sand 

stratum beneath Area A was estimated at 8,142 feet3 /day with a hydraulic conductivity of I 09 feet/day 

(3.8E-02 centimeters per second), assuming a saturated thickness of 75 feet within the Main Sand stratum. Previous 

hydraulic conductivity estimates for the central portions of the Hartford Site detennined via slug testing performed 

under unconfined conditions in partially penetrating wells screened across the upper portions of the Main Sand range 

from 45 to 88 feet per day ( 1.6E-02 to 3.1 E-02 centimeters per second, Clayton 2005). Additionally, hydraulic 

conductivity estimates reported via pump tests in the production wells installed in the Main Sand on the Premcor 
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4.4 LNAPL OCCURRENCE IN AREA A 

As summarized on Table 8, LNAPL was not observed in recovery well HLRW-01 nor the three piezometers located 

immediately adjacent to the groundwater production well in Area A during the 60-day pilot test. LNAPL thicknesses 

were not measured above 0.1-feet within any of the monitoring locations installed within 75 feet of the production well 

and screened in the Main Sand stratum. LNAPL was present at a greater thickness within several of the monitoring 

locations situated between 75 and 250 feet of the production well (including monitoring points MP-054C, MP-055C, 

MP-097D, MP-134, and MP-136), and while LNAPL thickness initially increased at the outset of pumping, it 

subsequently decreased within each of these wells over the duration of the pilot test. LNAPL was only present in a 

single location (monitoring point MP-055C at 0.02-feet) on the final day of the pilot test (March 10, 2015), when the 

water table was measured at the lowest elevation, 

Figure 12 presents the potentiometric surface measured on March 9 and 10, 2015 relative to the LNAPL present in the 

smear zone as defined using laser induced fluorescence. With the exception of the production well, groundwater 

elevations in Area A were generally measured between 394.5 and 396 ft-amsl. The LNAPL smear zone is present 

between 385 and 400 ft-arnsl beneath Area A. As shown on Figure 12, between 25 and 40% of the LNAPL smear zone 

was exposed at the end of the 60-day pilot test due to seasonally low groundwater elevations combined with the 

:' -· . ' I - -~ . ~- - - . ' ' I .. ' - ~- --,, - I " Tri~ 
M:\OtoB\ApexOIICo\Harttord\ProjectDocsll.NAPLRecov\Reparts\201509_LNAPLRecoveryPilolTestContinuation_Dreftlt-Te.d\201509_Dra11.f'ilotTestContinuation_RPT.docx 4-7 



pri ted 07/21/2016 2:09PM by Dave.Gambach p. 31/99

drawdown attributed to focused pumping. The extended ROI described in Section 4.3.4 combined with the high well 

efficiency described in Section 4.2 indicate lhat the production well was properly designed and constructed and did not 

contribute to the limited drawdown and exposure of the smear zone in Area A.

As shown on Table 2, while LNAPL saturations are heterogeneous in the soil cores collected beneath Area A (between 

0.31 (o 9,04%), the overall saturation is low and not indicative of mobile LNAPL within the sand and gravel alluvial 

deposits that make up the Main Sand stratum. Furthermore, there is not a significant difference in the average LNAPL 

saturations observed within the upper, middle, and lower portions of the smear zone. The saturation data suggests that 

even if the groundwater extraction rates were significantly increased and additional portions of the smear zone were 

exposed, there would likely not be an increase in the occurrence, thickness, mobility, or recovery of LNAPL in Area A.

4.4.1 LNAPL TRANSMISSIVITY

In December 2014, baseline LNAPL transmissivity testing was performed within well MPE-A002 (when vacuum was 

not applied to the extraction well) and monitoring point MP-055C, as these were the only two wells screened within the 

Main Sand stratum in Area A with sufficient LNAPL thickness (i.e., greater than 0.5 feet) to perform baildown testing. 

LNAPL baildown tests were performed in accordance with the Standard Guide for Estimation o f LNAPL 

Transmissivity (ASTM 2011). Based on the groundwater elevation and depth of the C Clay in Area A, baildown 

testing was conducted under unconfined conditions.

Data collected during the baildown tests were evaluated using the API LNAPL Transmissivity numeric modeling 

spreadsheets (a summary of the results is provided in Appendix H). LNAPL transmissivity values (7),) could not be 

calculated, as the baildown data did not conform to the analyses prescribed in Section 8.1.4 of the Standard Guide for  

Estimation o f LNAPL Transmissivity (ASTM 2011). Specifically, relatively thin LNAPL thicknesses (b„) and low 

drawdown (.s„) during recharge rendered plots of discharge (Q„) versus drawdown (s„) with significant scatter that could 

not be processed quantitatively.

Additional LNAPL baildown testing was proposed to be conducted during focused pumping once maximum, 

steady-state conditions were achieved as described within the Final Light Non-Aqueous Phase Liquid Recovery Pilot 

Test Work Plan Addendum (Trihydro 2013a). Prior to termination of focused pumping, the LNAPL thickness in each 

of the monitoring locations was measured below the requisite 0.5-feet minimum to conduct baildown testing. It should 

be noted that LNAPL thickness was greater than 0.5 feet in several of the MPE wells; however, vacuum was applied to 

these extraction wells and therefore baildown testing could not be performed.
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drawdown attributed to focused pumping. The extended ROI described in Section 4.3.4 combined with the high well 

efficiency described in Section 4.2 indicate that the production well was properly designed and constructed and did not 

contribute to the limited drawdown and exposure of the smear zone in Area A. 

As shown on Table 2, while LNAPL saturations are heterogeneous in the soil cores collected beneath Area A (between 

0.31 to 9.04%), the overall saturation is low and not indicative of mobile LNAPL within the sand and gravel alluvial 

deposits that make up the Main Sand stratum. Furthermore, there is not a significant difference in the average LNAPL 

saturations observed within the upper, middle, and lower portions of the smear zone. The saturation data suggests that 

even if the groundwater extraction rates were significantly increased and additional portions of the smear zone were 

exposed, there would likely not be an increase in the occurrence, thickness, mobility, or recovery of LNAPL in Area A. 

4.4.1 LNAPL TRANSMISSIVITY 

1n December 2014, baseline LNAPL transmissivity testing was performed within well MPE-AOD2 (when vacuum was 

not applied to the extraction well) and monitoring point MP-055C, as these were the only two wells screened within the 

Main Sand stratum in Area A with sufficient LNAPL thickness (i.e., greater than 0.5 feet) to perform baildown testing. 

LNAPL baildown tests were performed in accordance with the Standard Guide for Estimation of LNAPL 

Transmissivity (ASTM 2011). Based on the groundwater elevation and depth of the C Clay in Area A, baildown 

testing was conducted under unconfined conditions. 

Data collected during the baildown tests were evaluated using the AP/ LNAPL Transmissivity numeric modeling 

spreadsheets (a summary of the results is provided in Appendix H). LNAPL transmissivity values (Tn) could not be 

calculated, as the baildown data did not conform to the analyses prescribed in Section 8.1.4 of the Standard Guide for 

Estimation of LNAPL Transmissivity (ASTM 20 l l ). Specifically, relatively thin LNAPL thicknesses (bn) and low 

drawdown (sn) during recharge rendered plots of discharge (Qn) versus drawdown (sn) with significant scatter that could 

not be processed quantitatively. 

Additional LNAPL baildown testing was proposed to be conducted during focused pumping once maximum, 

steady-state conditions were achieved as described within the Final Light Non-Aqueous Phase Liquid Recovery Pilot 

Test Work Plan Addendum (Trihydro 2013a). Prior to termination of focused pumping, the LNAPL thickness in each 

of the monitoring locations was measured below the requisite 0.5-feet minimum to conduct baildown testing. It should 

be noted that LNAPL thickness was greater than 0.5 feet in several of the MPE wells; however, vacuum was applied to 

these extraction wells and therefore baildown testing could not be performed. 
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4.5 VAPOR PHASE RECOVERY

Field screening of soil vapor, fixed gases, and airflow parameters (e.g., temperature, vacuum) within six vapor recovery 

wells located in Area A was conducted prior to, during, and following focused pumping to determine the influence of 

water table depression on mass recovery via vapor extraction. Field screening was completed within extraction wells 

MPE-A001 through MPE-A005 and HSVE-028S, in accordance with the procedures presented in Appendix D of the 

Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan (WSP 2011). Table 9 provides a summary of the field 

screening results. It should be noted that two additional SVE wells in Area A (HSVE-028D and HSVE-084) were not 

included in the routine screening. Operation of well HSVE-028D was discontinued by the Hartford Working Group 

after January 16, 2015 due to silt accumulations within the screen interval and well HSVE-084 did not have measurable 

airflow at any time during the pilot test.

The vacuum, differential pressure (within the Venturi tube), and temperature were measured within the six extraction 

wells to calculate the airflow extraction rate in standard cubic feet per minute [scfin). The volatile hydrocarbon mass 

removal rate (M ) was then calculated using the following equation:

M = 1.557E-7 * Cvapor * MW * Qvapor

Where:

M

r̂  vapor

MW

Qvapor

1.557E-7

rate of volatile petroleum hydrocarbons recovered (pounds per hour) 

total organic vapor concentration relative to methane (parts per million by volume) 

molecular weight of recovered volatile petroleum hydrocarbons (95 grams/mol) 

soil vapor flow rate (standard cubic feet per minute)

conversion constant derived as (1 mol/24.06 liters) x (1 pound/453.6 grams) x 

(1 cubic meter/35.3 cubic feet) x (60 minutes/hour) x (1 liter/1,000 milliliters)

The mass removal rate was converted to equivalent gallons per day assuming a LNAPL density of 6.2 pounds per 

gallon. Individual and combined mass removal rates for the MPE wells, along with the corrected groundwater 

elevation for monitoring well MP-135 are presented on Figure 13. From January 8, 2015 (prior to the start of focused 

pumping) until January 20, 2015, the combined recovery rate measured within the MPE wells was negligible, largely 

due to lack of exposed well screens. As the pilot test progressed, recovery rates increased up to a maximum combined 

rate of 342 gallons per day occurring on February 27,2015. Cumulative recovery remained above 300 gallons per day 

until March 11, 2015. Following termination of pumping, the mass removal rate decreased to between 140 and 

230 gallons per day as the water table rebounded beneath Area A. The increase and decrease in recovery rates appears

TrilnpJro
MMtoB\ApexOIICo\Hartfor(I\ProtectDocs\LNAPLRecov\Reports\201509_LNAPLRecoveryPilDtTasIContinyation_l>afi\1-Te*t\201509_Draft-PilotTBStCoiMifiuation_RPT.do<a 4-9

pri ed 07/21/2016 2:09PM by Dave.Gambach p. 32/99 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.5 VAPOR PHASE RECOVERY 

Field screening of soil vapor, fixed gases, and airflow parameters (e.g., temperature, vacuum) within six vapor recovery 

wells located in Area A was conducted prior to, during, and following focused pumping to determine the influence of 

water table depression on mass recovery via vapor extraction. Field screening was completed within extraction wells 

MPE-AOOI through MPE-A005 and HSVE-028S, in accordance with the procedures presented in Appendix D of the 

Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan (WSP 2011 ). Table 9 provides a summary of the field 

screening results. It should be noted that two additional SVE wells in Area A (HSVE-028D and HSVE-084) were not 

included in the routine screening. Operation of well HSVE-028D was discontinued by the Hartford Working Group 

after January 16, 2015 due to silt accumulations within the screen interval and well HSVE-084 did not have measurable 

airflow at any time during the pilot test. 

The vacuum, differential pressure (within the Venturi tube), and temperature were measured within the six extraction 

wells to calculate the airflow extraction rate in standard cubic feet per minute (scfm ). The volatile hydrocarbon mass · 

removal rate (M) was then calculated using the following equation: 

Where: 

M 

c.,,,,,,,, = 
MW = 
Qvapor = 
1.557£-7 = 

M = 1.557f-7 * Cvapor *MW* Qvapor 

rate of volatile petroleum hydrocarbons recovered (pounds per hour) 

total organic vapor concentration relative to methane (parts per million by volume) 

molecular weight of recovered volatile petroleum hydrocarbons (95 grams/mol) 

soil vapor flow rate (standard cubic feet per minute) 

conversion constant derived as (1 moV24.06 liters) x (1 pound/453.6 grams) x 

(1 cubic meter/35.3 cubic feet) x (60 minutes/hour) x (1 liter/1,000 milliliters) 

The mass removal rate was converted to equivalent gallons per day assuming a LNAPL density of 6.2 pounds per 

gallon. Individual and combined mass removal rates for the MPE wells, along with the corrected groundwater 

elevation for monitoring well MP• l 3 5 are presented on Figure 13. From January 8, 2015 (prior to the start of focused 

pumping) until January 20, 2015, the combined recovery rate measured within the MPE wells was negligible, largely 

due to lack of exposed well screens. As the pilot test progressed, recovery rates increased up to a maximum combined 

rate of 342 gallons per day occurring on February 27, 2015. Cumulative recovery remained above 300 gallons per day 

until March 11, 2015. Following termination of pumping, the mass removal rate decreased to between 140 and 

230 gallons per day as the water table rebounded beneath Area A. The increase and decrease in recovery rates appears 
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inversely correlated with groundwater elevations within the Main Sand stratum, with a marked increase when the 

groundwater elevation in monitoring point MP-135 was below 396 ft-amsl.

Approximately 10,850 gallons of volatile petroleum hydrocarbons were recovered from the five MPE wells via vapor 

extraction between January 20 and March 11, 2015. Volatile petroleum hydrocarbons extracted in Area A accounted 

for between 3.4 and 17.2% of the total mass recovered via the SVE system, with an average of 9.2% of the daily mass 

recovery attributed to the MPE wells (after January 20). For comparison, there were between 81 and 87 additional 

SVE wells operating across the Hartford Site over this timeframe between early January and early April 2015.

4.6 DISSOLVED PHASE MONITORING

Due to the proximity of the operating production wells, the ROI associated with hydraulic control being performed on 

the former Premcor refinery and focused pumping from groundwater production well HPW-01 installed in Area A may 

overlap creating a potential for redistribution of dissolved phase petroleum hydrocarbons during the additional LNAPL 

recovery pilot test. To assess any change in dissolved phase concentrations associated with focused pumping, 

groundwater samples were collected from the monitoring locations identified in Table 6 prior to the start of and during 

focused pumping and will continue to be collected monthly for a six-month period following completion of resumed 

focused pumping, with the final sample scheduled to be collected in August 2015.

Groundwater samples were collected using a low flow sampling methodology as described in the Dissolved Phase 

Investigation Work Plan (Trihydro 2013b). In accordance with this work plan, samples were only collected when 

groundwater elevation was gauged within the screened interval of the monitoring well. Groundwater samples were not 

collected if LNAPL was measured within a monitoring location or a sheen was observed on the groundwater during 

purging activities. Groundwater samples were analyzed for select petroleum-related constituents including benzene, 

toluene, ethylbenzene, total xylenes, and methyl tert-butyl ether via USEPA Method 8260B by Teklab, Inc. Field 

forms generated during groundwater monitoring are provided in Appendix 1-1, and laboratory analytical reports are 

included in Appendix 1-2. Table 10 provides a summary of the dissolved phase analytical results for monitoring 

performed before the start of resumed focused pumping and then monthly thereafter through May 2015.

As summarized on Table 10, while dissolved phase concentrations fluctuated, there were not significant differences 

prior to, during, or following focused pumping in any of the monitoring locations. In general, benzene concentrations 

exceeded 20 milligrams per liter in all of the samples, with the exception of groundwater samples collected from 

monitoring point HMW-044D (which is screened below the smear zone in the Main Sand stratum). These elevated 

dissolved phase benzene concentrations appear to be at the effective solubility limit for the LNAPL source as described
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inversely correlated with groundwater elevations within the Main Sand stratum, with a marked increase when the 

groundwater elevation in monitoring point MP-135 was below 396 ft-ams!. 

Approximately l 0,850 gallons of volatile petroleum hydrocarbons were recovered from the five MPE wells via vapor 

extraction between January 20 and March 11, 2015. Volatile petroleum hydrocarbons extracted in Area A accounted 

for between 3.4 and 17.2% of the total mass recovered via the SVE system, with an average of 9.2% of the daily mass 

recovery attributed to the MPE wells (after January 20). For comparison, there were between 81 and 87 additional 

SVE wells operating across the Hartford Site over this timeframe between early January and early April 2015. 

4.6 DISSOLVED PHASE MONITORING 

Due to the proximity of the operating production wells, the ROI associated with hydraulic control being performed on 

the former Premcor refinery and focused pumping from groundwater production well HPW-0 I installed in Area A may 

overlap creating a potential for redistribution of dissolved phase petroleum hydrocarbons during the additional LNAPL 

recovery pilot test. To assess any change in dissolved phase concentrations associated with focused pumping, 

groundwater samples were collected from the monitoring locations identified in Table 6 prior to the start of and during 

focused pumping and will continue to be collected monthly for a six-month period following completion of resumed 

focused pumping, with the final sample scheduled to be collected in August 2015. 

Groundwater samples were collected using a low flow sampling methodology as described in the Dissolved Phase 

Investigation Work Plan (Trihydro 2013b). In accordance with this work plan, samples were only collected when 

groundwater elevation was gauged within the screened interval of the monitoring well. Groundwater samples were not 

collected if LNAPL was measured within a monitoring location or a sheen was observed on the groundwater during 

purging activities. Groundwater samples were analyzed for select petroleum-related constituents including benzene, 

toluene, ethylbenzene, total xylenes, and methyl tert-butyl ether via USEPA Method 82608 by Teklab, Inc. Field 

fonns generated during groundwater monitoring are provided in Appendix 1-1, and laboratory analytical reports are 

included in Appendix 1-2. Table IO provides a summary of the dissolved phase analytical results for monitoring 

performed before the start of resumed focused pumping and then monthly thereafter through May 2015. 

As summarized on Table 10, while dissolved phase concentrations fluctuated, there were not significant differences 

prior to, during, or following focused pumping in any of the monitoring locations. In general, benzene concentrations 

exceeded 20 milligrams per liter in all of the samples, with the exception of groundwater samples collected from 

monitoring point HMW-044D (which is screened below the smear zone in the Main Sand stratum). These elevated 

dissolved phase benzene concentrations appear to be at the effective solubility limit for the LNAPL source as described 

4-10 M·IOtoll\Apel<OilColHartfon:I\ProjectOocs\LNAPLReco~eparts\201509_ LNAPLRec:overyP,lotT est Continuation_ Drafl\1-T &xt\201.509 _ Drafl-PilotT &StContinuajon _ RPTdocx 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



printed 07/21/2016 2:09PM by Dave.Gambach p. 34/99

within the Revised LNAPL Component to the Conceptual Site Model (Trihydro 2014a). Since dissolved phase 

concentrations appear to be at equilibrium with the LNAPL source beneath Area A, there was not any redistribution of 

dissolved hydrocarbons within the ROI of the production well during the additional LNAPL recovery pilot test.
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within the Revised LNAPL Component to the Conceptual Site Model (Trihydro 2014a). Since dissolved phase 

concentrations appear to be at equilibrium with the LNAPL source beneath Area A, there was not any redistribution of 

dissolved hydrocarbons within the ROI of the production well during the additional LNAPL recovery pilot test. 
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5.0 CONCLUSIONS

The resumed additional LNAPL recovery pilot test began on January 9,2015 with step testing and was concluded on 

March 10, 2015, in accordance with the Final Light Non-Aqueous Phase Liquid Recovery Pilot Test Work Plan 

Addendum (Trihydro 2013a) and modifications described in the Final Additional Light Non-Aqueous Phase Liquid 

Recovery Partial Pilot Test Summary Report (Trihydro 2014b). Focused pumping was performed in Area A over the 

proposed 60-day period when groundwater elevations in the Main Sand stratum were below the trigger levels. A 

discussion of the effectiveness of focused pumping in the context of the pilot test objectives, as well as a conceptual 

path forward is described within this section.

5.1 EFFECTIVE DRAWDOWN AND EXPOSURE OF LNAPL SMEAR ZONE

The first two objectives of the additional LNAPL recovery pilot test were to determine if focused pumping could 

sustain unconfined conditions and expose additional portions of the smear zone beneath Area A when groundwater in 

the Main Sand stratum was unconfined. The well efficiency at production well HPW-01 exceeded 80% for discharges 

up to 300 gpm, which is indicative of a properly designed, constructed, and developed production well. The estimated 

ROI ranged from 650 to 710 feet beneath Area A after three weeks of pumping at rates between 300 and 320 gpm, 

which exceeded the modelled ROI of 300 feet. However, corrected drawdown (Table 8) was limited to less than six 

feet in the production well, less than two feet within a ten-foot radius, and generally less than a foot in the remaining 

wells within the influence of the production well. Groundwater transmissivities in the Main Sand stratum were such 

that even during seasonally low groundwater conditions (i.e., groundwater below 400 ft-amsl), pumping at rates of 

300 to 320 gpm were not effective at exposing the lower reaches of the smear zone beneath Area A.

5.2 LNAPL AND VOLATILE HYDROCARBON RECOVERY

As discussed in the DOLR conceptual model (Trihydro 2014a) and demonstrated during pilot testing performed in Area 

A (WSP 2012), the potential for LNAPL recoverability under confined conditions is minimal. During pilot testing in 

2011 and 2012, there was a limited degree of drawdown that was induced within a small radius about the MPE wells 

under confining conditions, which limited mobilization and recovery of LNAPL or volatile petroleum hydrocarbons. 

Therefore, the third objective of the pilot test was to evaluate recoverability of mobile LNAPL and volatile petroleum 

hydrocarbons during unconfined conditions in the Main Sand stratum when additional portions of the smear zone were 

exposed.

As shown on Figure 12, between 25 and 40% of the LNAPL smear zone was exposed at the end of the 60-day pilot test 

due to seasonally low groundwater elevations combined with the drawdown attributed to focused pumping. However,
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Addendum (Trihydro 2013a) and modifications described in the Final Additional light Non-Aqueous Phase Liquid 
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that even during seasonally low groundwater conditions (i.e., groundwater below 400 ft-amsl), pumping at rates of 

300 to 320 gpm were not effective at exposing the lower reaches of the smear zone beneath Area A. 

5.2 LNAPL AND VOLATILE HYDROCARBON RECOVERY 

As discussed in the DOLR conceptual model (Trihydro 2014a) and demonstrated during pilot testing performed in Area 

A (WSP 2012), the potential for LNAPL recoverability under confined conditions is minimal. During pilot testing in 

2011 and 2012, there was a limited degree of drawdown that was induced within a small radius about the MPE wells 

under confining conditions, which limited mobilization and recovery of LNAPL or volatile petroleum hydrocarbons. 

Therefore, the third objective of the pilot test was to evaluate recoverability of mobile LNAPL and volatile petroleum 

hydrocarbons during unconfined conditions in the Main Sand stratum when additional portions of the smear zone were 

exposed. 

As shown on Figure 12, between 25 and 40% of the LNAPL smear zone was exposed at the end of the 60-day pilot test 

due to seasonally low groundwater elevations combined with the drawdown attributed to focused pumping. However, 
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LNAPL was not observed in recovery well HLRW-01 nor the three piezometers located immediately adjacent to the 

groundwater production well during the 60-day pilot test. LNAPL thicknesses were not measured above 0.1 feet within 

any of the monitoring locations installed within 75 feet of the production well; and while LNAPL was initially present 

at a greater thickness within several of the monitoring locations situated between 75 and 250 feet of the production 

well, it subsequently decreased over the duration of the pilot test. LNAPL was only present in a single location 

(monitoring point MP-055C at 0.02-feet) on the final day of the pilot test when the water table was measured at the 

lowest elevation.

As shown on Table 2, while LNAPL saturations are heterogeneous in the soil cores collected beneath Area A (between 

0.31 to 9.04%), the overall saturation is low and not indicative of mobile LNAPL within the sand and gravel alluvial 

deposits that make up the Main Sand stratum. Furthermore, there is not a significant difference in the average LNAPL 

saturations observed within the upper, middle, and lower portions of the smear zone. The saturation data suggest that 

even if the groundwater extraction rates were significantly increased and additional portions of the smear zone were 

exposed, there would likely nol be an increase in the occurrence, thickness, mobility, or recovery of LNAPL in Area A.

While LNAPL recovery was not enhanced via focused pumping, mass loss rates due to volatilization and subsequent 

vapor extraction significantly increased over the course of the pilot test. Prior to the start and during the first 10 days of 

focused pumping, the recovery rates measured within the MPE wells were negligible, largely due to lack of exposed 

well screens even though ambient groundwater conditions were unconfined. As the pilot test progressed, recovery rates 

increased to more than 300 gallons per day between February 27, 2015 and March 11,2015. Following termination of 

pumping, the mass removal rates decreased by between 30 and 50% as the water table rebounded beneath Area A. The 

increase and subsequent decrease in cumulative mass recovery rates appears to be inversely correlated with 

groundwater elevations within the Main Sand stratum (Figure 9). In the absence of focused pumping, mass removal 

rates would have likely been negligible from the MPE wells, as the screen interval would have remained occluded 

when a vacuum was applied to these wells.

Approximately 10,850 gallons of volatile petroleum hydrocarbons were recovered from the five MPE wells via vapor 

extraction between January 20 and March 11, 2015 (an average mass removal rate of 210 gallons per day). Volatile 

petroleum hydrocarbons extracted in Area A accounted for between 3.4 and 17.2% of the total mass recovered via the 

SVE system, with an average of 9.2% of the daily mass recovery attributed to the MPE wells. The MPE wells 

accounted for approximately 5% of the extraction wells operating at the Hartford Site over this timeframe.
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LNAPL was not observed in recovery well HLRW-01 nor the three piezometers located immediately adjacent to the 

groundwater production well during the 60-day pilot test. LNAPL thicknesses were not measured above 0.1 feet within 

any of the monitoring locations installed within 75 feet of the production well; and while LNAPL was initially present 

at a greater thickness within several of the monitoring locations situated between 7 5 and 250 feet of the production 

wetl, it subsequently decreased over the duration of the pilot test. LNAPL was only present in a single location 

(monitoring point MP-055C at 0.02-feet) on the final day of the pilot ~est when the water table was measured at the 

lowest elevation. 

As shown on Table 2, while LNAPL saturations are heterogeneous in the soil cores collected beneath Area A (between 

0.31 to 9.04%), the overall saturation is low and not indicative of mobile LNAPL within the sand and gravel alluvial 

deposits that make up the Main Sand stratum. Furthennore, there is not a significant difference in the average LNAPL 

saturations observed within the upper, middle, and lower portions of the smear zone. The saturation data suggest that 

even if the groundwater extraction rates were significantly increased and additional portions of the smear zone were 

exposed, there would likely not be an increase in the occurrence, thickness, mobility, or recovery of LNAPL in Area A. 

While LNAPL recovery was not enhanced via focused pumping, mass loss rates due to volatilization and subsequent 

vapor extraction significantly increased over the course of the pilot test. Prior to the start and during the first 10 days of 

focused pumping, the recovery rates measured within the MPE wells were negligible, largely due to lack of exposed 

well screens even though ambient groundwater conditions were unconfined. As the pilot test progressed, recovery rates 

increased to more than 300 gatlons per day between February 27, 2015 and March 11, 2015. Following tennination of 

pumping, the mass removal rates decreased by between 30 and 50% as the water table rebounded beneath Area A. The 

increase and subsequent decrease in cumulative mass recovery rates appears to be inversely correlated with 

groundwater elevations within the Main Sand stratum (Figure 9). In the absence offocused pumping, mass removal 

rates would have likely been negligible from the MPE wells, as the screen interval would have remained occluded 

when a vacuum was applied to these wells. 

Approximately 10,850 gallons of volatile petroleum hydrocarbons were recovered from the five MPE wells via vapor 

extraction between January 20 and March 11, 2015 (an average mass removal rate of 210 gallons per day). Volatile 

petroleum hydrocarbons extracted in Area A accounted for between 3 .4 and 17 .2% of the total mass recovered via the 

SVE system, with an average of 9.2% of the daily mass recovery attributed to the MPE wells. The MPE wells 

accounted for approximately 5% of the extraction wells operating at the Hartford Site over this timeframe. 
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5.3 PATH FORWARD

The additional LNAPL recovery pilot test results described herein will be used to resolve gaps in the Comprehensive 

Conceptual Site Model (CSM) for the Hartford Site. Specifically, the results of this pilot test, combined with previous 

testing, will provide an understanding of LNAPL recoverability under the range of expected hydraulic conditions 

within the Main Sand stratum (where the majority of the petroleum hydrocarbon mass is present) and will inform a 

multiphase remedy approach including consideration of potential endpoints for future corrective measures. In an effort 

to consider the results of the additional LNAPL recovery pilot testing performed in Area A to the remainder of the 

Hartford Site, further evaluation of the historical and more recent monitoring results was performed.

Area A was identified within the Active LNAPL Recovery System 90% Design Report (Clayton Group Services, Inc., et 

al., 2006) as a portion of the Hartford Site where LNAPL recovery would be optimal. The boundaries of Area A were 

determined based on a compilation and review of multiple data sets including:

■ Cone penetrometer testing and lithologic descriptions

■ Laser induced fluorescence and observations pertaining to presence of petroleum hydrocarbons (e.g., odor, 

sheening, total organic vapor measurements, etc.) during installation of soil borings

■ Structural contours, stratigraphic isopachs, and lateral stratigraphic boundaries of the hydrostratigraphic and 

confining units

■ Groundwater elevations over a range of hydraulic conditions in the various hydrostratigraphic units

■ Apparent LNAPL thickness within the various stratum

■ LNAPL specific thicknesses within a selection of groundwater monitoring locations

■ LNAPL conductivity and transmissivity within a selection of groundwater monitoring locations

■ Historical LNAPL and volatile petroleum hydrocarbon recovery, as well as LNAPL recharge rates during pilot 

testing and SVE operations

Additional geostatistical analysis of more recent monitoring results was performed to assess the degree to which 

petroleum hydrocarbons are present within the various media beneath the Hartford Site. This analysis was conducted 

to determine if Area A remained an optimal location for pilot testing of remedial alternatives. For simplification, 

several data sets were analyzed and the results were separated into quintiles (i.e., each quintile represents the 

20th percentile of the respective data) and designated with a simple 1 -5 ranking from low to high. After which, 

polygons were created bounding each of the sample/measurement locations in an effort to subdivide the Hartford Site 

into representative areas based on available data. Geostatistical analyses were performed using the following data sets:
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petroleum hy~rocarbons are present within the various media beneath the Hartford Site. This analysis was conducted 
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several data sets were analyzed and the results were separated into quintiles (i.e., each quintile represents the 
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■ Total volatile petroleum hydrocarbon concentrations measured in shallow soil vapor during seasonal low water 

table conditions in January 2015 are presented on Figure 15.

• Total volatile petroleum hydrocarbon concentrations measured in the SVE wells during low water table conditions 

in October 2012 are shown on Figure 16. Vapor screening results from October 2012 were selected as this 

correlates to the period with the greatest mass recovery rate via vapor extraction at the Hartford Site since the 

system was installed.

■ Dissolved benzene concentrations measured in wells screened in the Main Sand stratum between 2011 and 2014 

are depicted on Figure 17. An extended timeframe for dissolved phase benzene was utilized, as there is a lower 

density of groundwater monitoring data available.

■ LNAPL thicknesses measured in the Main Sand stratum in March 2015, during focused pumping and ambient 

seasonal low water table conditions, are shown on Figure 18.

■ A virtual overlay showing a composite of each of these individual geostatistical analyses is provided on Figure 19. 

Figure 19 also includes the potential remediation areas defined within the Active LNAPL Recovery System

90% Design Report (Clayton Group Services, Inc. 2006) for comparison.

These geostatistical analyses reinforce the significant heterogeneity in the distribution of petroleum hydrocarbons 

beneath ihe Hartford Site For instance, Figure 15 shows a highly discontinuous distribution of volatile hydrocarbons 

in the shallow hydrostratigraphic units (primarily the Rand and North Olive strata) in January 2015. Vapor monitoring 

locations with elevated total petroleum concentrations measured in early 2015 do not correlate with areas with the 

highest concentrations of total petroleum concentrations measured within extracted vapors collected from the SVE 

wells in October 2012 (Figure 16). Additionally, monitoring locations with the highest dissolved phase benzene 

concentrations (located in the southern portions of the Hartford Site as shown on Figure 17) do not correlate with areas 

with the most significant LNAPL thicknesses during the resumed pilot test (primarily within the central and northern 

portions of the Hartford Site as shown on Figure 18).

Some of the variability in the data sets may be attributable to spatial and temporal variability in the routine monitoring 

that has been performed. Irrespective, the virtual overlay presented on Figure 19 provides a preliminary indication of 

portions of the Hartford Site that may be most heavily impacted with petroleum hydrocarbons and should be considered 

during future development of a multiphase remedy. Overall, the results of this geostatistical analysis show good 

agreement with the potential remediation areas (but not the remedial technologies) defined within the Active LNAPL 

Recovery System 90% Design Report (Clayton Group Services, Inc. 2006). Specifically, Area A is one of just a few 

locations with the highest ranking identified on the composite overlay. This analysis may be expanded as part of the
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Total volatile petroleum hydrocarbon concentrations measured in shallow soil vapor during seasonal low water 

table conditions in January 2015 are presented on Figure 15. 

• Total volatile petroleum hydrocarbon concentrations measured in the SVE wells during low water table conditions 

in October 2012 are shown on Figure 16. Vapor screening results from October 2012 were selected as this 

correlates to the period with the greatest mass recovery rate via vapor extraction at the Hartford Site since the 

system was installed. 

Dissolved benzene concentrations measured in wetls screened in the Main Sand stratum between 2011 and 2014 

are depicted on Figure 17. An extended timeframe for dissolved phase benzene was utilized, as there is a lower 

density of groundwater monitoring data available. 

LNAPL thicknesses measured in the Main Sand stratum in March 2015, during focused pumping and ambient 

seasonal low water table conditions, are shown on Figure 18. 

A virtual overlay showing a composite of each of these individual geostatistical analyses is provided on Figure 19. 

Figure 19 also includes the potential remediation areas defined within the Active LNAPL Recovery System 

90% Design Report (Clayton Group Services, Inc. 2006) for comparison. 

These geostatistical analyses reinforce the significant heterogeneity in the distribution of petroleum hydro?atbons 

beneath the Hartford Site. For instance, Figure 15 shows a highly discontinuous distribution of volatile hydrocarbons 

in the shallow hydrostratigraphic units (primarily the Rand and North Olive strata) in January 2015. Vapor monitoring 

locations with elevated total petroleum concentrations measured in early 2015 do not correlate with areas with the 

highest concentrations of total petroleum concentrations measured within extracted vapors collected from the SVE 

wells in October 2012 (Figure 16). Additionally, monitoring locations with the highest dissolved phase benzene 

concentrations (located in the southern portions of the Hartford Site as shown on Figure 17) do not correlate with areas 

with the most significant LNAPL thicknesses during the resumed pilot test (primarily within the central and northern 

portions of the Hartford Site as shown on Figure 18). 

Some of the variability in the data sets may be attributable to spatial and temporal variability in the routine monitoring 

that has been perfonned. Irrespective, the virtual overlay presented on Figure 19 provides a preliminary indication of 

portions of the Hartford Site that may be most heavily impacted with petroleum hydrocarbons and should be considered 

during future development of a multiphase remedy. Overall, the results of this geostatistical analysis show good 

agreement with the potential remediation areas (but not the remedial technologies) defined within the Active LNAPL 

Recovery System 90% Design Report (Clayton Group Services, Inc. 2006). Specifically, Area A is one of just a few 

locations with the highest ranking identified on the composite overlay. This analysis may be expanded as part of the 
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multiphase remedy framework to rank areas for optimization of interim remedial efforts (primarily vapor extraction), as 

well as future pilot testing of additional alternatives (e.g., bioaugmentation, biostimulation, natural source zone 

depletion, etc.) .
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multiphase remedy framework to rank areas for optimization of interim remedial efforts (primarily vapor extraction), as 

well as future pilot testing of additional alternatives (e.g., bioaugmentation, biostimulation, natural source zone 

depletion, etc.) 
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Date 
Locatian Sampled Benzene 

(mg/kg) 

PZ-01 (28-29) 10128114 4.0 

PZ-01 (31-32) \0128114 ND(0.62) 

PZ-01 (35-36) 10128/14 3.0 

PZ-01 (40-41) 10128/14 B.B 

PZ-02 (28-29) 10127/14 N□(1.2) 

PZ-02 (31-32) 10127/14 0.70 

PZ-02 ($-36) 10127/14 33 

PZ-02 (40-41] 10/27114 110 

PZ-03 (28-29] 10/29/14 3.8 

PZ-03 (31-32) 10/29/14 8.1 

PZ-03 (35-38) 10/29/14 52 

PZ-03 (40-41 ) 10/29114 211 

Ave'8ge {28-29] 3.0 

A1M1Sga (31-32) 2.5 

Average (35-36) 29 

Average (40-41 l 49 

Nateo: 

- Only detflch!l<I analytes included in summal)I table 

mg/kg - milligram• per kilogram 

ND(1.2] - not detected at Ille indicated reporting llmtt 

201506_01_Plemneter8orin~oal8-utm_TIL-1 

n-Bul)II- seo-
ben..,.,.. Butyl,enmne 

(mg/kg) (mg/kg) 

9.6 4.1 

16 B.2 

1.4 0.411 

4.5 1.1 

11. 4.2 

22 9.4 

7.3 3.3 

13 6.0 

2.7 HD(9.3) 

20 10 

7.0 2.8 

6.5 1.8 

7.8 5.9 

19 92 

5.2 22 

6.0 3.0 

TABLE 1A. SOIL ANALYTICAL RESULTS SUMMARY, VOLATILE PETROLEUM CONSfflUENTS 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Ethyl- loopropl'I- p-lsopropitl- Methylene r,.Pmpyt• 

benz1111e Heptane Hexane benmno toluene Chloride benzane Toluene 

(mg/kg) (mgilqi) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

9.6 12 18 2.9 2.6 1.8 14 20 

1.0 ND(12) ND(12) ND(3.1) 3.4 ND(3.1) 7.2 0.86 

3.B 3.0 4.1 D.36 0.25 ND(0.45] 1.B 11 

11 12 16 1.2 0.58 ND(2.5) 4.9 7.1 

7.7 25 6.5 3.1 2.8 2.1 14 7.0 

ND(2.4) ND(9.6) ND(9.6] 0.51 4.5 0.60 7.1 ND(2.4] 

49 39 45 5.9 ND(11) ND(11] 19 120 

120 130 220 8.7 2.8 ND{4.B) 40 100 

18 27 22 2.0 ND(9.3) ND{ll.l) 7.7 34 

BB 40 40 14 4.B ND(10) 70 150 

65 62 100 4.6 1.2 ND(2.4) 22 140 

31 33 51 2.6 ND(5.3) ND(5.3) 12 1.1 

12 41 16 2.7 4.8 4.3 12 20 

30 21 21 5.9 4.2 4.6 28 51 

39 35 50 3.6 4.1 4.8 14 90 

54 58 96 4.2 2.9 4.1 19 36 

1,2,3- 1,2,4- 1,3,5-
Trimelhitl- Trirnelhyl- Trimelh)II-
ber,;;iene benzl!ine benzenl!i 

(mg/kg) (mg/1:g) (mg/kg) 

48 240 74 

70 2tlD 79 

4.5 15 5.5 

8.6 36 11 

56 180 86 

92 310 81 

211 120 36 

41 180 62 

13 S6 18 

60 370 130 

22 64 33 

13 eo 16 

39 180 59 

81 310 97 

18 73 25 

21 93 30 

m,i>-X)lleno o--X)llene 
(mg/kg) (11111kg] 

330 130 

4.5 2.5 

14 5.5 

36 13 

250 120 

1.4 1.11 

190 74 

340 120 

84 36 

360 160 

150 55 

84 1.5 

220 95 

130 55 

120 45 

150 45 

Xylones, 
Total 

(mg/kg) 

460 

7.0 

20 

52 

370 

3.3 

260 

460 

130 

540 

200 

8B 

320 
,eo 
160 

200 
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TABLE 1 B. SOIL ANALYTICAL RESULTS SUMMARY, SEMIVOLATILE PETROLEUM RELEATED CONSTITUENTS 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILUNOIS 

Date 2,4- Dimethyl· 2-Melhyl- 3,4-Melhyl 

Location samplecl Acena~hlhene Acenaphthytene Anthracene OibenzofUran phenol Fluoranlhene Fluorene naphlhalene 2-Methylphenol phenol 

(mg/Kg) {mg/kg) (mg/kg) (lftRJ'l<g) {mgJl<g) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (rng.,kg) 

PZ-01 (28-29) 10/28114 N0(0.040) NO(D.0401 NO(D.D40) ND(0.48)_ 0.-43 ND(0.040) N~(D.040) D.34 0.2B 0.28 

PZ-01 (31-32) 10/28114 1.2 0.29 0.18 0.87 ND[3.1) N0(0.21) 1.1 58 ND(3.1) N0(3.1) 

PZ-01 (35-36) 10/211114 0.10 ND(O.D30) NO(O.D30) ND(D.40) ND(0.57) N0(0.030) 0.11 2.9 NO(D.57) ND(0.57) 

PZ-01 (40-41) 10/28/14 ND(0.19) ND(0.19) NO(D.19) ND(2.0> ND[2.8) NO(D.19) ND(0.19) 3.2 N0(2.8) N0(2.8) 

PZ-02 (28-29) 10/27114 ND(0.040) ND(0.040) NO(D.040) ND(0.46) 0.25 N0(0.040) ND(0.040) 0.29 N0(0.66) NO(OJ:16) 

PZ-D2 (31-32) 10/27114 0.47 NO(D.040) 0.068 0.34 N0[6.1) D.040 0.48 23 ND(D.61) ND(0.61) 

PZ-02(3-) 10/27114 0.20 O.D49 D.033 ND(O.~) ND(0.61) N0(0.040) 0.20 5.4 ND(0.61) ND(0.81) 

PZ-02 (40-41) 10/27114 1.5 0.37 N0(0.37) ND(J.9) ND(5.5) ND(0.37) 1.4 39 ND(S.5) ND(5.5) 

PZ-oa (26-29) 10/29114 0.49 ND(0.201 N0(0.20) ND(2.1) ND(3.D) NO(D.20) D.45 18 ND(3.0) ND(3.0) 

PZ--03 (31-32) 10/29114 0.74 0.17 ND(0.21) ND(2.21 N0(3.1) ND(0.21) D.69 27 ND(3.1) ND(3.1) 

PZ-03(35-361 10129/14 0.16 D.038 ND(C.040) ND(0.41) ND(0.59) ND(0.040) D.16 4.6 ND(0.59) ND(0.59) 

PZ-03 (40-41) 10/29114 N0(0.381 ND(0.38) ND(0.38) ND(4.0) N0(5.7) N0(0.38) N0(0.3B) 3.0 ND(5.7) ND(5.7) 

Averag• (28-29) 0.19 D.093 0.093 1.0 1.2 0.093 0.18 6.2 1.3 1.3 

Average (31-32) 0.110 0.17 0.15 1.1 4.1 C.15 0.76 36 2.3 2.3 

Average (35-36) 0.15 0.039 0.034 0.41 0.59 0.037 0.18 4.3 0.59 0.59 

~41H1) 0.89 0.31 0.31 3.3 4.7 0.31 0.66 15 4.7 4.7 

Noles: 

- Only detected anel)'1es includ■d in summary !able 

mg/kg - rnllllgrams per kilogram 

N0(0.38) - not detected at the indicated repartlng llmll 

201500_01_P1ezornett,rSc;lflngAnll!yl:IC31Resulta_i8L-1 

Naph1halen,, Phenanthre:ne 

(mg/kg) (mg/kg) 

0.33 N0(0.040) 

49 3.1 

1.6 0.31 

1.9 0.36 

0.20 N0(0.040) 

19 1.2 

3.5 0.56 

27 3.8 

14 1.2 

23 1.9 

3.3 0.44 

1.6 0.37 

4.8 0.43 

30 2.1 

2.8 0.44 

1D 1.5 

Phenol 

(mg.lkg) 

0.22 

N0(2.2) 

NO(D.4) 

ND(2.0) 

N0(0.46) 

N0(0.42) 

ND(0.43) 

ND(3.9) 

N0(2.1) 

NO(:Z.2) 

ND(0.41) 

ND(4.0) 

0.93 

u 
0.41 

3.3 

F'yrene 

(mg/leg) 

ND(0.040) 

0.29 

D.031 

ND(D.19) 

N0(0.040) 

D.12 

0.054 

D.28 

N0(0.20) 

0.18 

0.043 
N0(0.38) 

0.093 

0.20 

0.043 

0.28 
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TABLE 1C. SOIL ANALYTICAL RESULTS SUMMARY. TOTAL PETROLEUM HYDROCARBONS 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Location
Date

Sampled
Diese

Range Organics 
(mg/kg)

Gasoline 
Range Organics 

(mg/kg)
P2-01 (28-29) 10/28/14 37 4,600
PZ-01 (31-32) 10/28/14 4,300 600
PZ-01 (35-36) 10/28/14 260 240
PZ-01 (40-41) 10/28/14 310 830
PZ-02 (28-29) 10/27/14 36 3,800
PZ-02 (31-32) 10/27/14 1,800 510
PZ-02 (35-36) 10/27/14 710 3.800
PZ-02 (40-41) 10/27/14 5,400 6,700
PZ-03 (28-29) 10/29/14 1,700 2,100
PZ-03 (31-32) 10/29/14 2,800 6,400
PZ-03 (35-36) 10/29/14 550 3,700
PZ-03 (4041) 10/29/14 270 1,900

Average (28-29) 590 3,500
Average (31-32) 3,000 2,500
Average (35-36) 510 2,600
Average (4041) 2,000 3,100

Notes:
mg/kg - milligrams per kilogram

20150â_Û1_Pie2omaterBoringAnalytieatR6suhs_TEL-1 1 Of 1
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TABLE 1C. SOIL ANALYTICAL RESULTS SUMMARY, TOTAL PETROLEUM HYDROCARBONS 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Date Diese Gasoline 
Location Sampled . Range Organics Range Organics 

(mg/kg) (mg/kg) 

PZ-01 (28-29) 10/28/14 37 4,600 
PZ-01 (31.32) 10/28/14 4,300 600 
PZ-01 (3~6) 10/2B/14 260 240 

' PZ-01 (40-41) 10/28/14 310 830 
PZ-02 (28-29) 10127/14 36 3,800 

PZ-02 (31-32) 10/27/14 1,800 510 
PZ-02 (35-36) 10/27/14 710 3,800 
PZ-02 (40-41) 10127/14 5,400 6,700 
PZ-03 (28-29) 10/29/14 1,700 2,100 
PZ-03 (31-32) 10/29/14 2,800 6,400 

PZ-03 (35-36) 10/29/14 550 3,700 
PZ-03 (40-41) 10/29/14 270 1,900 

Average (28-29) 590 3,500 

Average (31-32) 3,000 2,500 

Average (35-36) 510 2,600 
Average (40-41) 2,000 3,100 

Notes: 

mg/kg • milligrams per kilogram 
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TABLE 1D. SOIL PHYSICAL PROPERTIES RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Location Date Sampled
Bulk

Density

(g/cm3)

Moisture
Content

(%)

Estimated
Porosity

(cm3/cm3)

PZ-01 (28-29) 10/28/14 1.9 39 0.43

PZ-01 (31-32) 10/28/14 1.9 25 0.32

PZ-01 (35-36) 10/26/14 2.1 15 0.24

PZ-01 (40-41) 10/28/14 2.0 14 . 0.21

PZ-02 (28-29) 10/27/14 1.9 35 0.40

PZ-02 (31-32) 10/27/14 1.9 23 0.31

PZ-02 (35-36) 10/27/14 2.0 ' 24 0.32

PZ-02 (40-41) 10/27/14 2.1 11 0.18

PZ-03 (28-29) 10/29/14 2.0 22 0.31

PZ-03 (31-32) 10/29/14 1.9 28 0.35

PZ-03 (35-36) 10/29/14 1.9 19 0.27

PZ-03 (40-41) 10/29/14 2.0 14 . 0.22

Notes:

% * percent by mass 

cm3 - cubic centimeter 

g - grams

201506_01_P iezom eter8onngAnatyticalResulta_TBL-1 1 o f!

printed 07/21/2016 2:09PM by Dave.Gambach p. 46/99 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Location 

PZ-01 (2S.29) 

PZ-01 (31-32) 

PZ-01 {35-36} 

PZ-01 {40-41) 

PZ-02 (28-29) 

PZ-02 (31-32) 

PZ-02 (35-36) 

PZ-02 (40-41) 

PZ-03 (28-29) 

PZ-03 (31-32) 

PZ-03 (35-36) 

PZ-03 (40-41) 

Notes: 

% - percent by mass 

cm3 
- cubic centimeter 

g -grams 

TABLE 1D. SOIL PHYSICAL PROPERTIES RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Bulk Moisture 
Date Sampled Density Content 

(g/cm3) (%) 
10/28/14 1.9 39 

10/28/14 1.9 25 

10/26/14 2.1 15 

10/28/14 2.0 14 

10127/14 1.9 35 

10127/14 1.9 23 

10/27/14 2.0 24 

10/27/14 2.1 11 

10/29/14 2.0 22 

10/29/14 1.9 28 

10/29/14 1.9 19 

10/29/14 2.0 14 

201506 _ 01 _PiezcmeterBoringAnalyticalResullll _ TBL-1 

Estimated 
Porosity 

(cm3/cm3) 

0.43 

0.32 

0.24 

0.21 

0.40 

0.31 

0.32 

0.18 

0.31 

0.35 

0.27 

0.22 
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TABLE 2. LNAPL SATURATION ESTIMATES 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Soil Samples Sample Interval TPH Concentration 
(mg/kg)

Bulk Density1 
(g/cm3)

' Porosity2 
(cnvVcm3)

LNAPL Saturation3 
(%)

PZ-01 (28-29) Smear Zone Top 4,637 1.90 0.41 2.79
PZ-01 (31-32) Smear Zone Middle 1 4,900 1.90 0.45 2.73
PZ-01 (35-36) Smear Zone Middle 2 500 2.10 0.45 0.31
PZ-01 (40-41) Smear Zone Bottom 1,140 2.00 0.37 0.81

PZ-01 Smear Zone Average 2,794 1.98 0.42 1.72

PZ-02 (28-29) Smear Zone Top 3,836 1.90 0.41 2.30
PZ-02 (31-32) Smear Zone Middle 1 2,310 1.90 0.45 1.29

PZ-02 (35-36) Smear Zone Middle 2 4,510 2.00 0.45 2.62
PZ-02 (40-41) Smear Zone Bottom 12,100 2.10 0.37 9.04

PZ-02 Smear Zone Average 5,689 1.98 0.42 3.50

PZ-03 (28-29) Smear Zone Top 3,800 2.00 0.41 2.40
PZ-03 (31-32) Smear Zone Middle 1 9,200 1.90 0.45 5.12
PZ-03 (35-36) Smear Zone Middle 2 4,250 1.90 0.45 2.35
PZ-03 (40-41) Smear Zone Bottom 2,170 2.00 0.37 1.54

PZ-03 Smear Zone Average 4,855 1.95 0.42 . 2.95

Average (28-29) Smear Zone Top t 4,090 1.93 0.41 2.50
Average (31-32) Smear Zone Middle 1 5,500 1.90 0.45 , 3.06
Average (35-36) Smear Zone Middle 2 3,080 2.00 0.45 1.79
Average (40-41) Smear Zone Bottom 5,100 2.03 0.37 3.69

Area A Smear Zone Average 4,443 1.97 0.42 2.72

Notes:

1 - Bulk density based on the depth specific geophysical data

2 - Porosity based on the depth specific geophysical data from sample location HCSB-01

3 - LNAPL density of 0.7641 g/cm3 assumed based on sample collected from well HMW-044C 

cm3 - cubic centimeter
B-gram 

kg - kilogram

mg - milligram .

201506_02_So!ICoreSatuiationEstimates_TBL'2 Page 1 of 1
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TABLE 2. LNAPL SATURATION ESTIMATES 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Soil Samples Sample Interval TPH Concentration Bulk Density1 Porositf 
(mg/kg) (g/anJ) (cmJ/cmJ) 

PZ-01 (28-29) Smear Zone Top 4,637 1.90 0.41 
PZ-01 (31-32) Smear Zone Middle 1 4,900 1.90 0.45 

PZ-01 (35-36) Smear Zone Middle 2 500 2.10 0.45 
PZ-01 (40-41) Smear Zone Bottom 1,140 2.00 0.37 

PZ-01 Smear Zone Average 2,794 1.98 0.42 

PZ-02 (28-29) Smear Zone Top 3,836 1.90 0.41 

PZ-02 (31-32) Smear Zone Middle 1 2,310 1.90 0.45 

PZ-02 {35-36) Smear Zone Middle 2 4,510 2.00 0.45 

PZ-02 (40-41) Smear Zone Bottom 12,100 2.10 0.37 

PZ-02 Smear Zone Average 5,689 1.98 0.42 

PZ-03 (28-29) Smear Zone Top 3,800 2.00 0.41 

PZ-03 (31-32) Smear Zone Middle 1 9,200 1.90 0.45 

PZ-03 (35-36) Smear Zone Middle 2 4,250 1.90 0.45 
PZ-03 (40-41) Smear Zone Bottom 2,170 2.00 0.37 

PZ-03 Smear Zone Average 4,855 1.95 0.42 

Average (28-29) Smear Zone Top , 4,090 1.93 0.41 

Average (31-32) Smear Zone Middle 1 5,500 1.90 0.45 

Average (35-36) Smear Zone Middle 2 3,080 2.00 0.45 

Average (40-41) Smear Zone Bottom 5,100 2.03 0.37 

Area A Smear Zone Average 4,443 1.97 0.42 

Notes: 
1 - Bulk density based on the depth specific geophysical data 
2 - Porosity based on the depth specificgeophy5ical data from sample location HCSB-01 
3 

- LNAPL density of 0. 7641 g/cm3 assumed based on sample collected from well HMW-044C 

cm3 
- cubic centimeter 

g - gram 

kg - kilogram 

mg - milligram 

201506_02_SOIICOreSa1uratiollEsHmates_ TBL-2 

LNAPL Saturation3 

(%) 

2.79 

2.73 

0.31 

0.81 

1.72 

2.30 

1.29 

2.62 
9.04 

3.50 

2.40 

5.12 

2.35 

1.54 

2.95 

2.50 

3.06 

1.79 

3.69 

2.72 
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TABLE 3A . GROUNDWATER TREATMENT COM PLIANCE MONITORING AN ALYTIC AL RESULTS 
VOLATILE PETROLEUM RELATED CONSTITUENTS, M ETALS, AND GENERAL W ATE R  Q U ALITY  PARAMETERS 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 3A. GROUNDWATER TREATMENT COMPLIANCE MONITORING ANALYTICAL RESULTS 

VOLATILE PETROLEUM RELATED CONSTITUENTS, METALS, AND GENERAL WAT£R QUALITY PARAMETERS 
HARTFORD PETROLEUM RELEASE SIT£, HARTFORD, ILUNOIB 

Xylone, Oilsnd Olemlcal 0"Y!len Bioc:hemieal Arsenic, Lead, 

Lacallon On 8en%elle Elhylb<lnaene Toluene Tolal MTBE Grease Oem•nd Oxygan Demand Dissolved DlsoolVed 

(mg/LJ (mgll) (mg/L) (mg/L) (mg/I.) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

SP-00 12131114 0.022 0.0026J ND(0.0050) 0.0041 J 0.0018 J 

1/13115 0.83 0.014J 0.027 J 0,031 J N0(0.020) 

1121115 1.0 0.017 J 0.022 J 0.036 J N0(0.020) 

1/30/15 0.98 0.020J 0.026 J 0.040 J N0(0.020) 

215115 1.0 0.022J 0.029 J 0.054 N0(0.020) 

2/12/15 1.1 D.024J 0,030 J 0.059 N0(0.02D) 

2/20115 1.3 0.020J 0.028 J 0.049 J N0(0.020) 

212SI15 1.4 0.D20J 0.029 J 0.050 r.ioco.0201 

3'll/15 1.3 O.D22J 0.032 J 0.056 N0(0.020) 

SP-01 12131114 ND(D.0020) N0(0.0050) ND(0.0050) ND(0.0050) ND(0.0020) 

1113115 0.43 ND(0.050) 0.012 J 0.019J ND(0.020) 

1121115 0,71 ND(0.050) 0.014 J 0.023J ND(0.020) 

1130/15 0.88 ND(0.050) 0.017 J 0.027 J ND(0.020) 

215115 0.78 ND(D.050] 0,020 J 0.031 J ND(0.020) 

2112/15 0.0021 N0(0.0050) ND(0.0050) ND(0.0D50) ND(0.0020) 

2120115 0.0044 ND(0.0050] ND(D.0050) ND(0.0050) 0.00080J 

2/25/15 0.038 ND(0.0050] ND(0.0050) ND(0.0050) O.OOOSOJ 

S/9115 0.17 N0(0.0050] NDj0.050) ND(0.050) 1:10(0.020) 

SP-02 12131/14 ND(D.0020) ND(0.0050] ND(0.0050) ND(0.0050) N0(0.0020) 2.0 28 N0(5.0) 0.022 ND(0.0089) 

1113115 0.084 N0(0.0050) 0.0013J 0.0021 J ND(0.020) ND(8.0J ND(50) ND(5.D) 0.00050J 0.0090J 

1121115 0.40 N0(0.050] NDj0.050) D.D14J ND(0.020) ND(6.0) ND(50) ND(5.0) 0.00070J ND(0.0010) 

1130115 0.54 ND(D.050] 0.o14J 0.024J ND(0.020) ND(8.0J ND(501 ND(5.0) 0.0010J 0.00030 J 

215115 0.57 ND(0.050) 0.014 J 0.022J ND(0.020) 2.0J N0(50) ND(5.0) 0.0032 ND(0.0010) 

2112115 0.00080 ND(0.0050] ND(0.0050) ND(0.0050) N0(0.0020) 2.0J N0(50) ND(5.0) 0.00090 J 0.00070 J 

2120115 ND(0.0020) ND(0.0050) ND(0.0050) ND(0.0050) N0(0.00201 N□(B.D) N0(50) ND(5.0) 0.00080 J ND(0.0010f 

2125115 ND(0.0020) ND(0.0050) ND(0.0050) ND(0,0050) ND(0.0020) 2.0J NO(SO) ND(5.0) 0.00070 J ND(0.0010) 

319115 O.OOOBOJ ND(0.0050] ND(0,0050) ND(0.0050) 0.00020 J 2.0J 26J ND(5.0) I 0.00070 J ND(0.0010) 

Limtt for Disclwge 4.2(AS)' 0.15(ASl' 2.0 (AS]' 0.92 (AS]' 
NA 100' NA. 204l 0.38 (AS)'. 300-389 (AS)1 

to Vllage GI Hartford CSS 0.88 (CS)' 0.014 [CS)' 0.80 (CS)' D.3B(C9)' 0,19[CS)' a2.ll-81.8 (CS)' 

No1os: 

' - Acute otandard (AS) and the ch,onic olandard (CS) a,; defined ~ Title 35 of the Illinois Administralive Code, Subtme C, Chapter I, Part 302 ...... canst:mrent not included in analysis 

• - Village of Hertford COde - Utilities 38-4-1 Article IV-Wastawa1er Sy,,tem, Appendix 7 CSS - combined ..,we, syshom 

• - City or Wood Ri.er Ordinance 8$-8, Section 51.076.F.1 J - astimaled ooncentratiDn 

• SP.OD - Collectad following filtration but prior lo lhe first granular activated cal1lon 1reatmen1 vos•BI mg/I. • milligrams per liter 

- SP.01 - Call■cled from 1he effluent of lhe fl,st granular ectlvll1ed earl>on 11Ba1m■nt V8SSel N0(0.0001 J - no1 detected e1 Iha indicated reporting llmil 

• SP-ll2 - Co11ecled from 1he effluent of lhe see<>nd granular acllvaled carbon ireatmen1 system prior 10 discharge lo the VIiiage of Hartford CSS NA - no1 applicable 

.201506_03_ColR~llnolMonltor)'19_TBl.--3 
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TABLE 3B. GROUNDWATER TREATMENT COMPLIANCE MONITORING ANALYTICAL RESULTS
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I TABLE 3B, GROUNDWATER TREATMENT COMPLIANCE MONITORING ANALYTICAL RESULTS 

SEMIVOLATlLE PETROLEUM RELATED CONSTITUENTS 

I 
HARTFORD PETROLEUM REL.EASE SITE, HARTFORD, IL.UNOIS 

lndeno 

I 
Be=(a}- Benm(a)- Benm(b)- BenzoCgN)- Benzo{k)- Dit>anzo(a,h)- (1,2,:1-cd) 

Location Dalo Acenaphthene Acenephttll'lene An1hracene antlmu:eno pyrene nuon,ntt,an■ peryt,one fluon,nthene Chrysent1 anthracene Fluorantiene Fluorene pyrene Naph1halane 

(mgll) (mg/LI (mgll) (mg/L) (mg/I.) (mgll) (mg/I.) (mg/L) (mglLJ (mgA..) (mg/L) (mgll) {mg/L) (mgll) 

I 
Sf'.-00 12131/14 ND(0.00010) ND(0.00010) ND(0.0001D) ND(0.00010) ND(0.00010) ND(0.00010I ND(0.00010) ND(0.00010) ND(0.00010) N0(0.00010) ND(0.0001 DI ND(0.00010) ND(0.00010) 0.00040 

1113/15 ND(0.00010) ND(D.00010)_ ND(0.00010) N0(0.00010) ND(D.000101 NO(D.00010) ND(0.00010) ND(0.00010) ND(0.00010) N0(0.00010) N0(0.00010I ND(D.00010) N0(0.00010) 0.0020 

1121/1!5 D.00011 ND(OJ)0010) ND(0.00010) ND(0.00010) ND(D .000101 ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) 0.00010 ND(D.0001 Ol 0.0023 

I 
1/30/1!5 0.00010 N0(0.00010) ND(0.00010) ND(0.00010) ND(D.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) 0.00012 ND(D.00010) 0.0022 

2/5/15 ND(0.0001 □) ND(0.00010) ND(0.00010) ND(D.00010) ND(D.0001D) ND(0.00010) ND(0.00010J ND(0.00010I ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) 0.0020 

2112115 D.00010 ND(0.00010) ND(0.00010) ND(0.0001DJ ND(0.00010) ND(0.0001 OJ ND(0.00D1D) ND(0.00010) N0(0.00010) ND{0.00010) N0[0.00010J 0.00011 ND(0.00010) 0.0025 

I 21:i!D/15 ND{O.D0010J ND(0.00010) ND(0.0001 OJ N0(0.00010J ND(0.00010) ND(0.0001D) ND(D.00010) ND(0.00010) ND(0.00010) ND(O.DDD10J ND[D.00010) D.00010 ND(0.00010) 0.0025 

2125/15 ND(0.00010] ND(0.00010) ND{0.00010) ND(0.00010) ND(0.00010J ND(0.0001D) ND(D.00010) N0(0.00010) ND(0.00010) N0(0.0001D) ND[0.00010) 0.00011 ND(0.00010) 0.0025 

319115 N0(0.000101 ND(0.00010) ND(0.0001 DI ND{0.00010) ND(0.00010) ND(D.00010) ND(0.00010J ND(0.00010) ND(0.00010) ND(0.00010] ND(0.00010) 0.0001:Z ND[0.00010) 0.0058 

I SP-01 1~1114 ND(0.000101 NP(D.00010) ND(0.00010I ND(0.000101 ND(0.00010) N0(0.00010) ND(0.00010) ND(0.0001DJ ND(0.00010) ND[0.00010) ND(0.00010) ND(0.0001D) ND(0.00010) ND(D.00010) 

1M3I1!5 ND(0.00D10) ND[O.DD010) ND{0.00010) N0[0.00010) ND(0.00010) N0(0.00010) ND{0.00010) ND(0.00010) ND(D.0001DJ N0(0.00010) ND(0.0001 D) ND(0.00010) ND(0.00010) 0.00085 

1121115 ND(0.00010) ND[D.DD010J ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) N0(0.00010) ND(D.00010) ND(0.00010) ND(0.00010) ND(D.00010) ND(0.00010) 0.0013 

I 1130115 ND(0.00010) ND(O.DDD1D) ND(0.00010) Nll(D.DD010J N D(0.00010) N0(0.00010) ND(O.OOD10J ND(0.00010) ND(O.DD010J N0(0.00010) NO(D.00010) ND(0.00010) ND(D.00010J 0.0018 

215115 ND(0.00010) N□(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) NIJ(0.00010) • ND(D.00010) ND(O.DOD1DJ ND(0.00010) ND(0.00010) ND(0.00010) ND(0.D0010) 0.0017 

I 
2/12115 ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010J ND(0.00D1 DJ ND(0.00010) N0(0.00010) ND(D.00010) ND(O,D0010J ND(0.00010) ND(0.00010) N0(0.00010) 

212cm; ND(0.00010) NC(0.00010) ND(0.00010) NIJ(0.0001D) ND(0.00010) ND(0.0001 OJ ND(0.00010J ND(0.00010) ND(0.00010) N0(0.0001D) N0(0.00010) NO(D.00010) N0(0.00010) ND(0.00010J 

2/25/15 ND(0.0001 DJ ND(0.0001DJ 0.000\0 N0(0.00010) ND(D.00010) ND(0.00010J ND(0.00010) ND(0.00010) N0(0.0001 DI N0(0.0001 D) ND(0.00010) N□(D.00010) ND(O.OOD10J ND(0.00010) 

I 3/9/15 ND(0.0001DJ ND(0.00010J ND(D.0D010) ND(0.00010J ND(0.00010) N0(0.0001 OJ ND(0.00010) N0(0.00010) N0(0.00010I ND(0.00D1 D) ND[0.00010) ND(O.D001 D) ND[0.00010J ND(0.00010) 

SP-0:2 12131114 ND(0.0001D) ND(0.00010) N□(D.DDD\0) N0(0.000I0) N0(0.00010J ND(0.0001 OJ ND(0.00010) ND(D.D0010) ND(D.0001 DI ND(0.00010) ND(0.0001 DJ N□(D.0001 OJ N□(0.00010) ND(0.00010) 

1113115 ND(0.00010) ND{0.00010) ND(0.00010) ND(0.00010) N□(0.00010) ND[D.00010) ND(D.00010) ND(0.00010) ND(0.0001 D) N□(0.00010) ND(0.0001 OJ N0(0.0001 D) ND(0.00010) ND(0.0001 OJ 

I 1121115 ND(0.D0010) ND(0.0001 D) N0(0.00010) ND(0.00010) NIJ(0.00010) N0(0.00010) N□(D.00010) ND(0.00010J ND(O.OOD10J ND(0.00010) ND(0.00010) ND(0.0D01 D) ND(0.00010) D.OOOBD 

1130115 N□(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) N D[0.00010) N□(0.00010) ND[0.00010) ND(0.00010) ND(0.00010) N□{D.00010) ND(0.00010) ND(0.00010) D.0012 

215115 ND(0.00010) N0(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(0.00010) ND(O.OOD10J ND[D.0001DJ ND(0.00010) ND(D.0D010) ND[0.00010) ND(0.0001D) 0.0010 

I 2/12115 ND(D.DDD10J ND(0.00010) ND(0.00010) ND(0.00010) N0(0.00010) ND(0.00010) ND(D.00010] ND(0.00010) ND[0.00010) ND(0.00010) ND(D,D0010J ND(0.00010) ND(0.00010J ND(0.0001D) 

2120/15 N0(0.00010) ND(0.00010) N□(0.00010) ND(0.00010I ND(0.00010) N□(O.ODD1DJ fl!Q{0.0_0010) ND(D.00010) N0(0.00010) ND(D.00010J N□(0.00010J ND(0.00010J ND(0,00010) ND(0.00010) 

I 
2125115 ND(0.00010) N□(D.00010J N□(0.00010] ND(0.00010) ND(D.00010) ND(D.OOD1DJ ND(0.00010J ND(0.0D010} ND(0.00010) ND(0.00010) ND(0.00010) ND[D:00010) - N0(0,00010) ND(0.00010) 

319/15 ND(0.0001 DJ N□(D.00010J ND(0.0001 DJ ND(0.00010I ND[D.00010) ND(0.00010) ND(0.00010] NO[D.D001D) ND(0.00010) ND(D.00010) ND(0.0D010) ND(D.D0010) ND(0.00010) N0(0.00010) 

Liml1 lor Discharge to NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

I 
Vilege ol Hartford CSS 

Noles: 

I • SP-00 - COiiected lollawing filtration bu1 prior to 1h• first granular activa1ed carbon 1resImenI veseel J - asUmaled 00ncentna1lon 

- SP-01 - callec111d lrom 1he effluent of the Hrs! granular aclive1ed carbon lfeebnent •.,.•el mglL - milligrams per litor 

- SP-02 - Collected Imm 11\e effluent of the sea::md granular activated carbon treatment system prior 1D discharge to 1he Village of Hartlmd CSS NA - not applicable 

I CSS - combined sewer syslem 
ND(0.0001I- no1 detected al lhe lndlca!ed reporting limit 

I 
20,511e_o:,_eomi,11m,coMoo11o11nQ...mL-3 

I 

Phenenlhrene 

(mg/L) 

0.00030 J 

0.00017 

0.00012 

0.00023 

0.00013 

0.0D018 

0.0D015 

0.00020 

0.00017 

0.00012 J 

0.00013 

ND(0.00010) 

0.00017 

0.00011 

ND(0.0001 OJ 

ND(O. 00010J 

D.0D017 

ND(0.00010) 

0.00011 J 

N0(0.00010) 

ND(D.00010) 

0.00017 

ND(0.00010J 

ND(0.00010) 

ND(0.00010) 

N□[0.00010) 

ND(0.00010) 

NA 

Pyrene 

{mg/LJ 

ND(D.00010) 

ND(0.00010) 

ND(0.00010) 

ND(0.D0010) 

ND[0.0001 OJ 

ND(0.0001 D) 

ND(0.00010) 

ND(0.00010I 

ND(0.00010) 

ND(D.00010) 

ND(D.00010) 

ND(D.00010) 

ND(0.00010) 

ND(0.00010) 

ND(0.00010) 

N0(0.00010) 

ND(D.0001D) 

ND(0.00010) 

ND(0.00010) 

N0(0.00010) 

ND(0.00010) 

ND(0.00010) 

ND(0.00010J 

ND(O.D0D10) 

ND(D.D0010) 

ND(D00010) 

ND(0.00010) 

NA 
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prii ted 07/21/2016 2:09PM by Dave.Gambach p. 50/99

TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Date/Time
Elapsed

Time
Average
Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03

(hours) (OPm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl)
1/9/15 7:27 0.0 NA 398.5 398.45 398.48 399.51 398.52

1/9/1511:08 3.7 NA 397.0 388.07 « - —

1/9/1511:32 4.1 NA 397.1 398.05 - - —

1/9/1511:50 4.4 105.6 397.1 398.04 - « —

1/9/15 12:13 4.8 102.2 397.1 398.02 — - _

1/9/15 12:42 5.3 77.6 397.7 398.19 - — —

1/9/15 12:50 5.4 56.3 397.7 398.20 - - —
1/9/15 13:03 5.6 56.9 397.7 398.20 - - —

1/9/1513:13 5.8 56.0 397.7 398.20 - -

1/9/15 13:38 6.2 56.4 397.7 398.20 - - —

1/9/15 13:47 6 3 90.0 397.1 398.07 — — ' —

1/9/15 14:02 6.6 102.0 397.1 398.02 - - —

1/9/15 14:25 7.0 100.0 397.1 398.02 - - —
1/9/15 15:18 7.8 99.2 397.1 396.01 - - —
1/9/1515:36 8.2 95.6 397.1 398.00 — - —
1/9/15 15:55 8.5 100.6 397.0 397.97 - - —
1/9/1516:10 8.7 94.3 397.0 397.97 - -■ —

1/9/15 16:28 9.0 171.4 396.2 397.72 — - —

1/9/15 16:45 9.3 157.9 396.2 397.71 - -

1/9/15 17:00 9.6 157.7 396.2 397.69 - - —

1/9/15 17:15 9.8 157.7 396.2 397.69 - -

1/10/15 7:27 24.0 157.5 396.0 397.57 - - —

1/10/15 6:03 24.6 ■ ' 183.9 395.5 397.41 - - _

1/10/15 6:47 25.3 194.8 395.4 397.38 - - , —
1/10/15 9:04 25.6 195.9 395.4 397.37 -- - -
1/10/15 9:24 26.0 199.5 395.4 397.36 - - —

1/10/15 9:45 ' 26.3 201.2 395.4 397.36 - - —

1/10/15 10:00 26.5 199.7 395.4 397.36 - - -

1/10/15 10:23 26.9 197.8 395.5 397.37 - - —

1/10/15 10:34 27.1 242.7 394.6 397.18 - —

1/10/15 11:11 27.7 258.6 394.5 397.14 — - —

1/10/15 11:33 28.1 258.6 394.5 397.14 - - —

1/10/15 12:31 29.1 259.1 394.5 397.13 « - —

1/10/15 12:35 29,1 285.0 393.8 397.02 - - —

1/10/15 13:42 30.2 325.5 393.8 396.91 — - —

1/10/1513:54 . 30.5 310.0 393.8 396.91 - - —

1/10/1514:25 31 0 272.9 393.8 396.91 - . .

1/10/1515:10 31 7 307.6 393.7 396.88 __ „ _

20i506_04_PumpingRates_T8L-4
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I 
I TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

I 
Elapsed Average 

DatefTime Time Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03 

I (hours) (gpm) (ft-amsl) (ft-ams!) (ft-amsl) (ft-amsl) (ft-amsl) 

1/9/15 7:27 0.0 NA 398.5 398.45 398.48 399.51 398.52 

I 
1/9/1511 :08 3.7 NA 397.0 398.07 

1/9(1511:32 4.1 NA 397.1 398.05 

1/9/1511 :50 4.4 105.6 397.1 398.04 

I 
1/9/15 12:13 4.8 102.2 397.1 398.02 

1/9/15 12:42 5.3 77.6 397.7 398.19 

1/9/15 12:50 5.4 56.3 397.7 398.20 

I 119/15 13:03 5.6 56.9 397.7 398.20 

1/9/1513:13 5.8 56.0 397.7 398.20 

1 /9/15 13:38 6.2 56.4 397.7 398.20 

I 1/9/1513:47 6.3 90.0 397.1 398.07 

119/15 14:02 6.6 102.0 397.1 398.02 

1/9/15 14:25 7.0 100.0 397.1 398.02 

I 1/9/15 15:16 7.8 99.2 397.1 398.01 

1/9/1515:36 8.2 95.6 397.1 398.00 
119/15 15:55 8.5 100.B 397.0 397.97 

I 1/9/1516:10 8.7 94.3 397.0 397.97 

1/9/15 16:28 9.0 171.4 396.2 397.72 

I 
1/9/15 16:45 9.3 157.9 396.2 397.71 

1/9/15 17:00 9.6 157.7 396.2 397.69 

1/9/15 17:15 9.B 157.7 396.2 397.69 

I 
1/10/15 7:27 24.0 157.5 396.0 397.57 

1/10/15 8:03 24.6 183.9 395.5 397.41 

1/10/15 8:47 25.3 194.8 395.4 397.38 

I 1/10/15 9:04 25.6 195.9 395.4 397.37 

1/10/15 9:24 26.0 199.5 395.4 397.36 

1/10/15 9:45 26.3 201.2 395.4 397.36 

I 1/10/15 10:00 26.5 199.7 395.4 397.36 

1/10/15 10:23 26.9 197.8 395.5 397.37 

1/10/15 1 D:34 27.1 242.7 394.6 397.18 

I 1/10/1511:11 27.7 258.6 394.5 397.14 

1/10/15 11:33 28.1 258.6 394.5 397.14 

I 
1/10/15 12:31 29.1 259.1 394.5 397.13 

1/10/15 12:35 29.1 285.0 393.8 397.02 

1/10/15 13:42 30.2 325.5 393.8 396.91 

I 1/10/1513:54 30.5 310.0 393.8 396.91 

1/10/1514:25 31.0 272.9 393.8 396.91 

1/10/1515:10 31.7 307.6 393.7 396.88 

I 
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pri ited 07/21/2016 2:09PM by Dave.Gambach p. 51/99

TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Date/Time
Elapsed

Time
Average
Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03

(hours) (9Pm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl)
1/11/2015 8:31 49.1 307.3 393.5 396.67 396.50 396.53 396.63
1/11/201511:37 52.2 306.7 393.5 396.65 - - -

1/11/201515:36 56.2 307.4 393.5 396.64 - - -

1/12/2015 8:01 72.6 308.9 393.3 398.45 - - -

1/12/201510:25 75.0 291.8 393.3 396.42 - - -

1/12/2015 11:03 75.6 308.4 393.3 398.41 - - -

1/12/201515:31 80.1 308.1 393.3 396.41 - - -

1/13/2015 7:46 96.3 308.8 393.2 396.32 - - -

1/13/2015 14:45 103 308.6 393.3 396.37 396.20 396.23 396.31
1/14/2015 7:01 120 308.6 393.2 396.32 - - -

1/14/201515:29 128 308.5 393.2 396.35 - - -

1/15/2015 7:22 144 308.0 393.1 396.26 396.16 396.19 396.28

1/15/201512:35 149 260.2 393.2 NA - - -
1/15/201513:12 150 306.9 393.2 IMA - - -

1/16/2015 7:57 169 307.1 393.0 NA 396.03 396.06 396.13
1/16/2015 14:33 175 306.9 393.1 396.87 - - -

1/17/2015 8:08 193 306.9 393.0 396.23 395.98 396.11 396.18
1/17/201516:11 201 306.8 393.0 396.20 396.03 396.07 396.14
1/18/2015 8:06 217 307.1 392.9 396.06 395.91 395.94 396.01
1/18/2015 16:02 225 306.8 392.9 396.06 » - -

1/19/2015 7:34 240 306.7 392.8 396.01 395.87 395.91 395.86

1/19/201515:50 248 306.8 392.8 396.03 395.88 395.92 395.97
1/20/2015 8:30 265 307.7 392.7 395.92 395.76 395.80 395.87
1/20/2015 15:00 272 305.4 392.7 395.90 395.75 395.79 395.66
1/21/2015 7:58 289 305.6 392.6 395.81 395.66 395.71 395.77
1/21/2015 16:20 297 308.8 392.6 395.78 395.62 395.67 395.73
1/22/2015 9:05 314 304.6 392.5 395.70 395.56 395.71 395.67
1/22/2015 16:20 321 305.4 392.6 395.60 395.66 395.71 395.77
1/23/2015 9:47 338 306.4 392.5 395.76 395.62 395.67 395.73
1/23/2015 16:22 345 307.0 392.6 395.82 395.70 395.73 395.80
1/24/2015 9:24 362 313.0 392.5 395.76 395.64 395.66 395.75

1/24/201516:07 369 289.0 392.6 395.80 395.69 395.73 395.79
1/25/201511:44 388 305.7 392.5 395.74 395.63 395.67 395.73
1/25/201516:43 393 306.0 392.3 395.61 395.49 395.53 395.59
1/26/2015 7:50 408 305.8 392.3 395.56 395.44 395.49 395.54

1/26/201516:40 417 304.8 392.4 395.64 395.52 395.56 395.62
1/27/2015 11:30 436 305.7 392.2 395.49 395.36 395.41 395.48
1/27/2015 16:27 441 304.7 392.2 395.49 395.35 395.40 395.46
1/28/2015 8:30 457 306.1 392.2 395.48 395.38 395.42 395.48
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pri ed 07/21/2016 2:09PM by Dave.Gambach p. 51/99 

I 
TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY i 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Elapsed Average i 
Date/Time Time Flowrate 

HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03 

(hours) (gpm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-ams I) (ft-amsl) I 1/11/2015 8:31 49.1 307.3 393.5 396.67 396.50 396.53 396.63 

1/11/201511:37 52.2 306.7 393.5 396.65 

1/11/201515:36 56.2 307.4 393.5 396.64 I 1/12/2015 8:01 n.a 308.9 393.3 396.45 

1112/2015 10:25 75.0 291.8 393.3 396.42 

1/12/201511:03 75.6 308.4 393.3 396.41 I 1{12/201515:31 80.1 308.1 393.3 396.41 

1/13/2015 7:46 96.3 308.8 393.2 396.32 

1(13/2015 14:45 103 308.6 393.3 396.37 396.20 396.23 396.31 i 1/14/2015 7:01 120 308.6 393.2 396.32 

1/14/201515:29 128 308.5 393.2 396.35 

1/15/2015 7:22 144 308.0 393.1 396.28 396.16 396. 19 396.28 I 
1{15/201512:35 149 260.2 393.2 NA 
1/15/201513:12 150 306.9 393.2 NA 

I 1/16/2015 7:57 169 307.1 393.0 NA 396.03 396.06 396.13 

1/16/2015 14:33 175 306.9 393.1 396.87 

1/17/2015 8:08 193 306.9 393.0 396.23 395.98 396.11 396.18 

I 1/17/2015 16:11 201 306.8 393.0 396.20 396.03 396.07 396.14 

1/18/2015 8:06 217 307.1 392.9 396.06 395.91 395.94 396.01 

1/18/2015 16:02 225 306.8 392.9 396.06 

I 1/19/2015 7:34 240 306.7 392.8 396.01 395.87 395.91 395.86 

1/19/201515:50 248 306.8 392.8 396.03 395.88 395.92 395.97 

1/20/2015 8:30 265 307.7 392.7 395.92 395.76 395.80 395.87 I 1/20/2015 15:00 272 305.4 392.7 395.90 395.75 395.79 395.86 

1/21/2015 7:58 289 305.6 392.6 395.81 395.66 395.71 395.77 

1/21/2015 16:20 297 308.8 392.6 395.78 395.62 395.67 395.73 I 1/22/2015 9:05 314 304.9 392.5 395.70 395.56 395.71 395.67 

1122/2015 16:20 321 305.4 392.6 395.80 395.66 395.71 395.77 

1/23/2015 9:47 338 306.4 392.5 395.76 395.62 395.67 395.73 I 1/23/2015 16:22 345 307.0 392.6 395.82 395.70 395.73 395.BO 

1/24/2015 9:24 362 313.0 392.5 395.76 395.64 395.68 395.75 

1/24(2015 16:07 369 289.0 392.6 395.80 395.69 395.73 395.79 I 1/25'2015 11 :44 388 305.7 392.5 395.74 395.63 395.67 395.73 

1/25/201516:43 393 306.0 392.3 395.61 395.49 395.53 395.59 

1/26/2015 7:50 408 305.8 392.3 395.56 395.44 395.49 395.54 I 1/26/201516:40 417 304.B 392.4 395.64 395.52 395.56 395.62 

1/27'201511:30 436 305.7 392.2 395.49 395.36 395.41 395.48 

1/27/2015 16:27 441 304.7 392.2 395.49 395.35 395.40 395.46 I 1/28/2015 8:30 457 306.1 392.2 395.48 395,38 395.42 395.48 
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prit ted 07/21/2016 2:09PM by Dave.Gambach p. 52/99

TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Daten"ime
Elapsed

Time
Average
Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03

(hours) (gpm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl)
1/28/2015 18:33 465 306.1 392.4 395.63 395.53 395.56 395.62
1/29/2015 8:03 481 305.6 392.2 395.45 395.34 395.39 395.44

1/29/2015 15:36 486 308.7 392.1 395.39 395.27 395.31 395.38
1/30/2015 8:05 505 305.4 392.1 395.34 395.24 395.27 395.33

1/30/2015 16:24 513 305.2 392.2 395.45 395.32 395.38 395.42
1/31/2015 11:01 532 305.3 392.2 395.45 395.33 395.38 395.44
2/1/2015 10:20 555 262.1 392.4 395.66 395.56 395.61 395.66
2/2/2015 8:10 577 306.0 392.0 395.23 395.18 395.21 395.25
2/2/2015 18:11 587 305.2 392.1 395.32 395.26 395.28 395.32
2/3/2015 8:18 601 305.9 392.1 395.33 395.25 395.26 395.32
2/3/2015 17:00 610 305.4 392.2 395.42 395.36 395.38 395.41
2/4/2015 8:19 625 305.7 392.1 395.33 395.26 395.28 395.31 .
2/4/2015 15:32 632 305.1 392.0 395.25 395.17 . 395.18 395.22
2/5/2015 8:15 649 305.7 391.9 395.19 395.11 395.14 395.17
2/5/2015 17:29 658 305.4 392.1 395.31 395.24 39526 395.31
2/6/2015 8:12 673 305.5 392.1 395.32 395.25 395.27 395.32
2/6/201516:11 681 304,8 392.2 395.43 395.35 395.38 395.42
2/7/2015 8:12 697 305.0 392.1 395.38 395.31 395.33 395.37
2/7/2015 17:57 707 286.0 392.2 395.44 395.38 395.38 395.42
2/8/2015 7:51 720 305.2 392.1 395.36 395.31 395.33 395.37
2/9/2015 7:33 744 295.7 392.0 395.13 395.06 395.10 395.13
2/9/2015 15:31 752 304.4 392.0 395.16 395.09 395.11 395.14
2/10/2015 8:19 769 304.9 392.0 395.19 395.08 395.13 395.17

2/10/2015 16:06 777 304.3 392.0 395.27 395.20 395.23 395.27
2/11/2015 8:04 793 304.9 392.0 395.22 395.14 395.17 395.21

2/11/201516:45 801 312.7 391.6 395.08 395.00 395.01 395.06
2/12/2015 7:57 817 323.4 391.5 394.94 394.66 394.89 394.93

2/12/2015 16:37 825 323.8 391.5 394.98 394.90 394.91 394.97
2/13/2015 8:15 841 330.0 391.0 395.03 394.97 394.99 395.03

2/13/2015 17:05 850 327.5 391.7 395.12 395.04 395.06 395.15
2/14/2015 10:48 867 329.2 391.5 394.99 394.91 394.94 394.98
2/15/2015 10:38 891 329.2 391.4 394.91 394.84 394.86 394.90
2/16/2015 8:26 913 329.3 391.6 395.02 394.96 394.98 395.02

2/16/2015 16:51 921 331.3 391.6 395.02 394.96 394.98 394.02
2/17/2015 8:30 937 328.7 391.5 394.94 394.90 394.91 394.96

2/17/2015 16:57 946 328.9 391.5 394.97 394.93 394.95 395.00
2/18/2015 7:59 961 328.8 ' 391.4 394.85 394.79 394.82 394.86

2/18/2015 17:00 970 329.2 391.3 394.80 394.75 394.76 394.82
2/19/201510:34 987 329.3 391.3 394.79 394.72 394.75 394.78

2015O0_O4_PumpingRates_TBL*4 Page 3 of 5
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I 
I TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY ' 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

I Elapsed Average 
HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03 

Date/Time Time Flowrate 

I (hours) {gpm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) 

1/28(2015 16:33 465 306.1 392.4 395.63 395.53 395.56 395.62 

1/29/2015 8:03 481 305.6 392.2 395.45 395.34 395.39 395.44 
i I 1/29'2015 15:36 488 308.7 392.1 395.39 395.27 395.31 395.38 

1/30/2015 8:05 505 305.4 392.1 395.34 395.24 395.27 395.33 

1/30(2015 16:24 513 305.2 392.2 395.45 395.32 395.38 395.42 

I 1/31/2015 11 :01 532 305.3 392.2 395.45 395.33 395.38 395.44 

2/1/2015 10:20 555 262.1 392.4 395.66 395.56 395.61 395.66 

I 
2/2'2015 8:10 577 306.0 392.0 395.23 395.18 395.21 395.25 
2/2/2015 18:11 587 305.2 392.1 395.32 395.26 395.28 395.32 
2/3'2015 6:16 601 305.9 392.1 395.33 395.25 395.26 395.32 

I 
2/3/2015 17:00 610 305.4 392.2 395.42 395.36 395.38 395.41 
2/4'2015 6:19 625 305.7 392.1 395.33 395.26 395:28 395.31 . 

2/4/2015 15:32 632 305.1 392.0 395.25 395.17 395.18 395.22 

I 
2/5'2015 6:15 649 305.7 391.9 395.19 395.11 395.14 395.17 

2/5/2015 17:29 658 305.4 392.1 395.31 395.24 395.26 395.31 
2/6{2015 8: 12 673 305.5 392.1 . 395.32 395.25 395.27 395.32 

I 2/6/2015 16: 11 661 304.6 392.2 395.43 395.35 395.38 395.42 

2/7/2015 6:12 697 305.0 392.1 395.38 395.31 395.33 395.37 

2/7/2015 17:57 707 266.0 392.2 395.44 395.38 395.38 395.42 

I 2/8/2015 7:51 720 305.2 392.1 395.36 395.31 395.33 395.37 

2/9/2015 7:33 744 295.7 392.0 395.13 395.06 395.10 395.13 

2/912015 15:31 752 304.4 392.0 395.16 395.09 395.11 395.14 

I 2/10/20158:19 769 304.9 392.0 395.19 395.08 395.13 395.17 

2/10/2015 16:06 177 304.3 392.0 395.27 395.20 395.23 395.27 

2/11/2015 8:04 793 304.9 392.0 395.22 395.14 395.17 395.21 

I 2/11/2015 16:45 801 312.7 391.6 395.08 395.00 395.01 395.06 

2/12/2015 7:57 817 323.4 391.5 394.94 394.86 394.89 394.93 

2/12/2015 16:37 825 323.8 391.5 394.98 394.90 394.91 394.97 

I 2/13/2015 8:15 841 330.0 391.6 395.03 394.97 394.99 395.03 

2/13'2015 17:05 850 327.5 391.7 395.12 395.04 395.06 395.15 

2/14/2015 10:48 867 329.2 391.5 394.99 394.91 394.94 394.98 

I 2/15/2015 10:38 891 329.2 391.4 394.91 394.84 394.86 394.90 

2/16/2015 8: 26 913 329.3 391.6 395.02 394.98 394.98 395.02 

2/16/2015 16:51 921 331.3 391.6 395.02 394.96 394.98 394.02 

I 2/17/2015 8:30 937 328.7 391.5 394.94 394.90 394.91 394.96 

2/17/2015 16:57 946 328.9 391.5 394.97 394.93 394.95 395.00 

I 
2/18/2015 7:59 961 328.8 391.4 394.85 394.79 394.82 394.86 

2/18/2015 17:00 970 329.2 391.3 394.80 394.75 394.76 394.82 

2/19/201510:34 987 329.3 391.3 394.79 394.72 394.75 394.78 

I 
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TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Date/Time
Elapsed

Time
Average
Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03

(hours) (gpm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl)
2/19/201517:13 994 328.3 391.3 394.83 394.77 394.80 394.84
2/20/2015 7:11 1008 329.0 391.3 394.85 394.79 394.82 394.86

2/20/2015 17:38 1018 329.2 391.4 394.94 394.89 394.90 394.95
2/21/2015 9:08 1034 328.7 391.4 394.86 394.81 394.83 394.87

2/21/2015 16:27 1041 326.4 391.3 394.79 394.74 394.77 394.80
2/22/2015 9:43 1058 328.0 391.2 394.65 394.60 394.62 394.65

2/22/2015 16:30 1065 328.3 391.2 394.87 394.62 394.64 394.68
2/23/2015 8:24 1081 329.1 391.1 394.62 394.58 394.60 394.63

2/23/201516:29 1089 320* 391.5 394.96 394.89 394.93 394.96
2/24/20159:43 1106 320* 391.5 394.91 394.87 394.90 394.94

2/24/201516:54 1113 320* 391.5 394.90 394.86 394.89 394.92
2/25/2015 8:31 1129 320* 391.4 394.77 394.73 394.75 394.79

2/25/201516:44 1137 320* 391.4 394.79 394.74 394.77 394.80
2/26/2015 7:45 1152 320* 391.2 394.59 394.53 394.57 394.60

2/26/2015 16:58 1162 320* 391.1 394.58 394.52 394.54 394.57
2/27/2015 7:50 1176 320* 391.1 394.52 394.46 394.48 394.52
2/27/2015 15:13 1184 320* 391.2 394.61 394.53 394.55 394.59
2/26/2015 8:59 1202 320* 391.1 394.57 394.50 394.52 394.55

2/28/2015 15:15 1208 320* 391.2 394.62 394.56 394.58 394.62
3/1/2015 10:05 1227 320* 391.1 394.56 394.51 394.52 394.56
3/1/2015 13:00 1230 320* 391.2 394.58 394.51 394.53 394.57
3/1/2015 16:59 1234 320* 391.1 394.56 394.49 394.51 394.55
3/2/2015 7:57 1249 320* 391.0 394.46 394.41 394.43 394.46
3/2/2015 14:52 1255 320* 391.2 394.60 394.53 394.50 394.59
3/3/2015 7:27 1272 321.5 391.3 394.71 394.66 394.68 394.72
3/3/2015 14:30 1279 321.5 391.2 394.65 394.58 394.59 394.64
3/4/2015 7:12 1296 321.3 391.0 394.39 394.31 394.33 394.36

3/4/2015 16:18 1305 321.5 391.0 394.41 394.31 394.34 394.36
3/5/2015 7:10 1320 321.6 390.9 394.37 394.27 394.29 394.33

3/5/2015 15:13 1328 321.8 390.9 394.37 394.28 394.30 394.33
3/6/2015 12:22 1349 83.0 391.4 394.77 394.71 394.74 394.78
3/6/2015 15:23 1352 119.7 391.3 394.66 394.60 394.61 394.67
3/7/20158:31 1369 121.4 391.1 394.48 394.41 394.43 394.47

3/7/201512:13 1373 126.0 391.1 - - - -

3/7/201517:01 1378 120.1 391.1 394.45 394.38 394.40 394.43
3/8/2015 9:42 1394 59.0 391.3 394.75 394.67 394.67 394.72
3/8/2015 13:02 1398 322.8 391.1 - - - -

3/8/2015 17:09 1402 322.8 391.1 394.51 394.44 394,44 394.49
3/9/2015 7:07 1416 322.5 390.9 394.35 394.28 394.29 394.33
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TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY I HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Elapsed Average I 
HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03 

Date/Time Time Ftowrate 

(hours) (gpm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-ams1) I 2/19/201517:13 994 328.3 391.3 394.83 394.77 394.80 394.84 

2/20/2015 7:11 1008 329.0 391.3 394.85 394.79 394.82 394.86 

2/20/201517:38 1018 329.2 391.4 394.94 394.89 394.90 394.95 I 2/21/2015 9:08 1034 328.7 391.4 394.86 394.81 394.83 394.87 

2/21/2015 16:27 1041 326.4 391.3 394.79 394.74 394.77 394.80 

2/22/2015 9:43 1058 328.0 391.2 394.65 394.60 394.62 394.65 I 2/22/2015 16:30 1065 328.3 391.2 394.67 394.62 394.64 394.68 

2/23/2015 8:24 1081 329.1 391.1 394.62 394.58 394.60 394.63 

2/23/2015 16:29 1089 320· 391.5 394.96 394.89 394.93 394.96 I 2/24/2015 9:43 1106 320* 391.5 394.91 394.87 394.90 394.94 

2/24/201516:54 1113 320• 391.5 394.90 394.86 394.89 394.92 

I 2/25/2015 8:31 1129 320* 391.4 394.77 394.73 394.75 394.79 

2/25/201516:44 1137 320* 391.4 394.79 394.74 394.77 394.80 

2/26/2015 7:45 1152 320* 391.2 394.59 394.53 394.57 394.60 

I 2/26/201516:56 1162 320" 391.1 394.58 394.52 394.54 394.57 

2127/2015 7:50 1176 320* 391.1 394.52 394.46 394.48 394.52 

2/27/201515:13 1184 320* 391.2 394.81 394.53 394.55 394.59 

I 2/28/2015 8:59 1202 320· 391.1 394.57 394.50 394.52 394.55 

2/28/201515:'15 1208 320* 391.2 394.62 394.56 394.58 394.62 

3/1/2015 10:05 1227 320* 391.1 394.56 394.51 394.52 394.56 

I 3/1/2015 13:00 1230 320* 391.2 394.58 394.51 394.53 394.57 

3/1/2015 16:59 1234 320* 391.1 394.56 394.49 394.51 394.55 

3/2/2015 7:57 1249 320* 391.0 394.46 394.41 394.43 394.46 I 3/2/2015 14:52 1255 320* 391.2 394.60 394.53 394.50 394.59 

3/3/2015 7:27 1272 321.5 391.3 394.71 394.66 394,68 394.72 

3/3/2015 14:30 1279 321.5 391.2 394.65 394.58 394.59 394.64 I 3/4/20157:12 1296 321.3 391.0 394.39 394.31 394.33 394.36 

3/4/2015 16:18 1305 321.5 391.0 394.41 394.31 394.34 394.38 

3/5/2015 7:10 1320 321.6 390.9 394.37 394.27 394.29 394.33 I 3/5/201515:13 1328 321.8 390.9 394.37 394.28 394.30 394.33 

3/6/2015 12:22 1349 83.0 391.4 394.77 394.71 394.74 394.78 

3/6/2015 15:23 1352 119.7 391.3 394.66 394.60 394.61 394.67 I 3!7/20158:31 1369 121.4 391.1 394.48 394.41 394.43 394.47 

3!7/201512:13 1373 126.0 391.1 

3/7/201517:01 1378 120.1 391.1 394.45 394.38 394.40 394.43 I 3/8/2015 9:42 1394 59.0 391.3 394.75 394.67 394.67 394.72 

3/8/2015 13:02 1398 322.8 391.1 

3/8/201517:09 1402 322.8 391.1 394.51 394.44 394.44 394.49 I 3/9/2015 7:07 1416 322.5 390.9 394.35 394.28 394.29 394.33 
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TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

Date/Time
Elapsed

Time
Average
Flowrate HPW-01 HLRW-01 PZ-01 PZ-02 PZ-03

(hours) (9Pm) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl) (ft-amsl)
3/9/2015 15:12 1424 322.0 390.9 394.39 394.31 394.33 394.37
3/10/2015 7:29 1440 341.2 390.9 394.38 394.26 394.31 394.35

Notes:

* Between February 23 and March 2 water within the flowmeter in area A froze, approximate flow rate determined 

via data reported from the Wood River Wastewater Treatment Plant 

"Between March 6 and March 8 the submersible pump experienced intermittent outages due to electrical overload 
associated with transfer pumps 

-  - Nol measured 

ft-amsl - feet above mean sea level 

gpm • gallons per minute

201506_04_PumpingRates_TBL-4 Page 5 of 5
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TABLE 4. GROUNDWATER TREATMENT SYSTEM OPERATIONS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFO~D, ILLINOIS 

Date/Time 

3/9/2015 15:12 

3/10/2015 7:29 

Notes: 

Elapsed 
Time 

(hours) 

1424 

1440 

Average 
Flowrate 

(gpm) 

322.0 

341.2 

HPW-01 HLRW-01 PZ-01 PZ-02 

(ft-amsl) (ft-ams!) (ft-amsl) (ft-arnsl) 

390.9 394.39 394.31 394.33 

390.9 394.38 394.26 394.31 

• Between February 23 and March 2 water within the flowmeter in area A froze, approximate flow rate determined 

via data reported from the Wood River Wastewater Treatment Plant 

-eetween March 6 and March 8 the submersible pump experienced intermittent outages due to electrical over1oad 
associated with transfer pumps 

- - Not measured 

ft-amsl - feet above mean sea level 

gpm - gallons per minute 

201506_04_PumpingRales_TBL-4 

PZ-03 

(ft-amsl) 

394.37 

394.35 
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TABLE 5. AMBIENT AIR MONITORING ANALYTICAL RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 6. AMBIENT AIR MONITORING ANALYTICAL RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILUNOIS 

Location Pa1II Benzene Toluane m,p-Xylene Propene n·Heliane n-Heptane 

(µglm") {µglm') (µglm') {µg1m•1 [µg/m') !15!!!!'! 

Upl\lnd 2/24115 1.2 1.10 0.72. 1.2 2.8 1.7 

__ Downwind 2/24115 1.1 0.95 ND (0.8D) 0.99 1.8 D.81 

RPD -0.087 -0.15 .{).18 .{).11i .{).55 .{),li4 

Up,oind 315115 0.93 0.86 ND(0.63) ND(0.63) 1.4 ND (D.83) 

Downwind 3/5115 1.4 0.80 ND(0.67) ND{0.87) 1.4 ND (0.87) 

RPO 0,40 -a.on - - 0.0 -
Noles: 

- Only detoded conotituents included In summery teble 

• Repcrtlng linil for these parameters Influenced by low sample volume due ID malfunclloning flow controller 

µglm3 • mlcragrams per cubic meter 

RPO - Relative pen,eni difference defined as: 

RPD = CDownw[nd - Cupwlnd 

(CDawnwlnd + C11pwlnm) + 2 

Bold values indicate RPD greater than 25% 

201SCIB_-05_Aml::en:tAirSummary_TBL-5i 

n-Oclllne n-Ncmane Ethanol Acetone 

!~Im'! !~!!!m'I !l!l!:!m'! (~!!!!!!") 

1.1 D.73 ND (8.D) ND (6.0) 

ND(0.80) ND (D.80) ND(6.D) ND(6.0) 

-0.59 .{)20 - -
ND(D.83) ND (0.83) ND (6.3) ND(6.3) 

ND(0.87) ND (0.67) ND (6.7) ND(6.7) 

- - - -

Dichlcn:i-
liftuoro-
methane 

(µglm') 

2.2 

2.2 

0.0 

2.1 

2.0 

-D.0411 

Trichloro- Trichloro-
Chloro- fluoro- 1rifluoro- Carbon Te1rachloro- Ethyl 

methane methane ethane Tetrechlonde ethane Acetate 

!~~·, (pglm'J (µglm') (µglm") (µ;Im') (1,1ghn') 

0.39 1.2 0.49 D.47 D.22 ND(1.2) 

0.37 1.2 D.48 D.46 ND (0.12) ND(l.2) 

-tl.D53 0.0 -0.083 .{).022 .{)59 

0.37 1.2 0.48 0.44 ND (D.13) 2.0 

0.35 1.2 D,47 0.46 ND (0.13) ND(1.3) 

-D.058 0.0 0.022 0.022 - -0.42 

2 012 



TABLE 5. AMBIENT AIR MONITORING ANALYTICAL RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 6. AMBIENT AIR MONITORING ANALYTICAL RESULTS SUMMARY i;J 

" HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILUNOIS 3 
O" 

~ 
"" 
"' Dlchloro- Trlchloro- Trichloro- "' in 

diflooro- Chlon>- fluoro- trffluoro- Carbon Telrachloro- Ethyl <D 

Location Dala Bllnzime Tohlene m.p-Xytene l'lopene n-He"""" n-Heplane n-Octane n-Nt11ane Ethanol Aoatone methane mettlanB methane ethane TetrechlDride ethana Acelala 

!l!~'l jµ81m'J ,~~·t (µglm') (~!!!m'! (~m'l (IIQ/m'J (l'llfrn') ie't (~ll!m') !l:!it'.!!!'l !l!!!!m') !l!:!!lm') (~!'.!!!') (pglrn') (µglm'! (µolm'l 

Upwind 119/15 0.43 ND(0.50) N0{0.50) ND{0.50) ND (0.50) ND(0.50) ND(D.50) ND(0.50] ND(S.0) ND(S.Oj 2.0 0.44 1.2 0.-49 0,22 ND (0.10) ND(1.0) 
O!Mnwind 119/15 1.0 1.1 ND{0.80) ND(0,80) 1.9 ND(0.80) ND(0.60) ND(o.60] ND(6.0J ND(8.DI 2.0 0.47 1.2 0,49 OA7 ND (0.12) ND(1.2) 

RPO 0.80 0.76 · - - 1.2 - - - - - 0.0 0.066 0.0 0.0 0.72 

Upwind 1/10/15 0.74 ND(0.62) ND(0.62) ND(0.62) 0.80 ND(0.62) ND(0.621 ND(0.62) ND (6.2) ND(6.2) 2.1 0.54 1.2 D.50 0.48 N0(0.12) ND(1.2) 
Downwind 1/10/15 2.7 0.69 ND(0.64) ND(0.84) 0.88 ND(0.64) ND(0.641 ND(0,84] ND(UJ ND(6.4) 2.3 0.61 H 0.54 0.56 ND(0.13) ND(1.3) 

RPO 1.1 0.11 - - 0.11 - - - - - 0.091 0.12 0.15 0.077 0.15 

Upwind 1111115 o.~ ND(0.82) ND(0.82) ND(0.62) ND(0.62) ND (0.S2J NO (0.62> ND (0.82) ND(8.2) ND(6.2) 2.0 O.~ 1.2 OAB 0.48 ND(0.12) 3.5 
Downwind 1/11115 2.0 0.90 ND(0.67) ND(0.67) 1.0 ND (0.67) ND (0.87) ND (0.87) ND(B.7] ND (6.7] 2.0 ·0.!9 1.1 0.50 0.45 ND (0.13) ND(1.3J 

RPO 1.3 0.37 - 0.47 - - - - - 0.0 -0.14 -0.087 0.041 -0.022 -0.82 

UpMnd 1/15115 13 5.0 1.7 2.6 2.4 1.1 ND (0.87) ND (0.87) ND(S.7) ND(8.7) 1.9 0A3 1.1 0.48 0.42 0.23 ND(1.3) 
Downwind 1115115 14 5.1 1.7 2.e 2.7 1.2 ND(0.61) ND [0.61) 7.5 7.1 1.9 0A8 1.1 0.49 0.44 0.21 ND(1.2) 

RPO 0.074 0.020 0.0 o.o 0.12 0.087 - - 0.11 0.0!;8 0.0 0.11 0.0 0.021 0.047 -0.091 

Up"'1nd 1121/15 3.2 ND (29)" · ND(2.91" 6.1 3.0 ND(2.9r ND(2.9)• N0(2.9)" ND{29r ND(29)" ND(2.8)' 2.0 1.2 ND (0.57)' ND(0.57)' ND(0.57)" ND(S.7) 
Oownwlnd 1121115 3.9 1.80 0.88 t.0 8.8 4.6 3.8 2.9 ND (7.8) ND(7.8) 2.4 0.74 l.3 0.50 0.50 028 ND(1.6) 

RPD 0.20 - - ·1.4 0.78 - - - - - - -0.92 0,080 

Upwind 1127115 2.0 D.B9 ND (0.88) ND (0.68) 1.2 ND [0.66) N□ (0.68) ND(0.66) ND (8.6) 'ND(6.6) 2.7 0.65 1.4 0.56 0.59 ND(0.13) N0(1.3) 
D<>wnwind 1127115 1.2 0.811 ND (0.62) 2.0 1.2 ND [0.62) ND (0.82) ND (0.62) ND (6.2) ND(6.2) 3.1 0.64 1.5 0.55 0.111 0.31 ND(1.2) 

RPO -0.50 -0.011 - 1.0 0.0 - - - - 0.14 -0.016 0.069 -0.D18 0.003 O.B2 

Upwind 213115 1.2 NO (0.66) ND(0.66) ND(0.86) 1.2 ND(0.88) N0(0.68) ND (0.66) ND(6.6) ND(B.8) 2.3 0.43 1.3 0.50 0.47 ND(0.13] ND(1.3) 
Downwind 213115 0.87 NO 10.67) ND(0.87) ND(0.67) 1.3 ND (0.87) ND (0.67) ND (0.67) ND (8.7) ND(8.n 2.3 0.55 1.3 0.51 0.48 ND(0.13) ND(1.3) 

RPO -0.57 - - - 0.080 - - - - - 0.0 0.24 0.0 0.020 0.021 

Upwind 2110/15 1.8 0.73 ND(0.60) ND (0.60) 0.89 ND(0.6D) ND (0.80) ND (D.60) ND (8.0) 100 2.0 0.37 1.1 0.45 □.39 ND(0.12) ND(1.2) 
Downwind 2110/15 2.0 0.17 ND(0.69) ND(0.69) 0.91 ND (0.69) ND(0.89) ND (D.69) ND(6.9) ND(8.9) 2.1 0,40 1.2 0.45 0.41 ND(0.14) ND (1.4) 

RPO 0.22 0.053 - 0.022 - - - - -1.7 0.049 0.078 0.067 0.0 0,050 

Upwind 2117115 0.72 ND(D,56) ND (0.58) ND(0.58) 0,82 ND (0.58) ND(0.58) N0(0.58) N0(5.8j NO [5.8) 1.8 0.43 1.1 0.51 0.16 ND [0.12) ND (1.2) 
Downwind 2117115 0.90 NO (0.56) NO (D.58) ND(0,!;6} 0.70 ND (0.56) ND(0.56) ND(0.56) ND(5.8j ND(S.6) 1.8 0.43 1.1 0.50 0.41 ND(0.11) ND(1.1) 

RPO 0.22 - - - --0.16 - - - - 0.0 0.0 0.0 -0.020 0.1!8 

201506_D~..,Ambion1Ai1Sumamy_TSL-5 1 af2 
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TABLE 6. PERFORMANCE MONITORING SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

"" ~ 
r---
"' ci. 
.c 
u 
"' -" 
E 
"' (9 

~ 
"' 0 
>-
-" 
2 
Q. 

"' 0 
N 
<D 

0 
(:! 

(:! 
r---
0 
"O 

' "§_ 

- - - - - - - - - - - - - - - -
Distance from 

Location Production 
Well Stratum 

(ft) 

Groundwater Production Well 

HPW-01 0 Main 

LNAPL Recovery Well 

HLRW-01 10 Main 

Monitoring Location 

PZ-01 3.4 Main Sand 

PZ-02 4.8 Main Sand 

PZ-03 7.1 Main Sand 

MPE-A003 29 Main Sand 

ASW-03 39 Multiple Strata 

MP-137 45 Main Sand 

MPE-A002 58 Main Sand 

MP-133 60 Main Sand 

HSVE-28S 61 North Olive 

HSVE-28D 64 Rand 

HMW-44A 69 North Olive 

MPE-A001 71 Main Sand 

ASW-01 72 Multiple Strata 

HMW-044B 74 Rand 

MPE-A004 75 Main Sand 

HMW-044C 77 Main Sand 

HMW-044D 77 Main Sand 

201506_06_MonNe!work_ TBL-&I 

TABLE 6. PERFORMANCE MONITORING SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

LNAPL 
Manual Pressure 

Screen Screened Gauging Transducer 
Transmissivity 

Length Interval Testing 

(ft) (ft-amsl) 

20 380.9 - 360.9 X 

20 405.9 - 385.9 X 

15 400. 7 - 385. 7 X ·x 
15 401.0 - 386.0 X X 
15 400. 7 - 385. 7 X X 

19.5 402.1 -382.6 X - -
20.0 410.9 - 390.9 X X 

14.7 401.9 - 387.2 X X -
19.3 401.0 - 381.7 X - X 

9.6 401.9 - 392.3 X X -
4.5 421.1 -416.6 X - -
6.5 410.1 -403.6 X - -
9.7 422.8-413.1 X 

19.5 401.4-381.9 X - -
25.0 415.8 - 390.8 X X 

4.7 410.8 - 406.1 X 
19.4 400.5 - 381.1 X - -
14.9 402.6 - 387.7 X X -
4.4 384.6 - 360.4 X - -

-Soil Vapor 
Extraction 
Screening 

X 

-
X 

-
X 

X 

X 

X 

-
-

- - -
Dissolved 

Phase 
Groundwater 

Monitoring 

X 

X 

X 

X 

1 of2 
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TABLE 6. PERFORMANCE MONITORING SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 6. PERFORMANCE MONITORING SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

LNAPL 
Location Manual Pressure 

Production Screen Screened 
Gauging Transducer 

Transmissivity 

MP-134 

ASW-02 

MP-135 

HSVE-084 

MP-136 

MPE-A005 

HMW-020 

MP-055C 

MP-097D 

MP-054C 

MP-035O 

MP-085D 

Notes: 

Well 

(fl) 

80 

68 

91 

94 

99 

111 

117 

151 

189 

243 

1,024 

1,099 

Stratum 

Main Sand 

Multiple Strata 

Main Sand 

Main Sand 

Main Sand 

Main Sand 

Multiple Strata 

Main Sand 

Main Sand 

Main Sand 

Main Sand 

Main Sand 

Length Interval 

(ft) (fl-amsl) 

14.7 402.4 - 387. 7 X 

25.0 415.7 - 390.7 X 

14.6 401.5 - 386.9 X 

3.5 410.0 - 406.5 X 

14.7 401.9- 387.2 X 

19.5 401.0 - 381.5 X 

15.3 403.9 - 388.6 X 

14.7 401.5 - 386.B X 

9.4 398.8 - 389.4 X 

14.7 396.9 - 384.2 X 

14.7 402.4 - 387.7 X 

9.5 388.4 - 378.9 X 

"X" indicates monitoring performed during pilot test.•-• indicates no monitoring performed within the location 

All distances and depths are approximate 

' - Transducer deployed but data not recoverable 

ft - feet 

ft-amsl - feet above mean sea level 

LNAPL - light non-aqueous phase liquid 

201 S06_06_MonNetworx_ TBL-&i 

X 

X 

-
-
-

X' 

X 

X 

x• 

- - - - - - - - - - -

Testing 

-

-

-
-
-

X 

- - -

Soil Vapor 
Dissolved 

Phase Extraction 
Groundwater Screening 
Monitoring 

- X 

- X 

X 

- X 

X 
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TABLE 7. STEP-TEST RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

"" ~ 
"' "' ci. 
.c 
u 
_g 
E 
"' (9 

~ 
"' 0 
>­
-" 
2 
Q_ 

"' 0 
N 
<D 

0 
(:! 

(:! 
r---
0 
"O 

" 
"§_ 

- - ·- - - - - - - - - - - - - - - - -
Step Discharge Discharge2 

n Q a2 
(gpm) (gpm2) 

1 60.6 3,676 

2 97.4 9,487 

3 160.4 25,728 

4 196.1 38,455 

5 254.8 64,923 

6 301.4 90,842 

Notes: 

TABLE 7. STEP-TEST RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Drawdown/ Aquifer Loss Well Loss Orawdown due to 
Drawdown Discharge Coefficient Coefficient Laminar Flow 

s s/Q B C s. 
(ft) (Wgpm) (Wgpm) (ft/gpm2) (ft) 

0.80 0.013 0.014 8.4E-06 0.84 

1.5 0.015 0.014 8.4E-06 1.3 

2.5 0.016 0.014 8.4E-06 2.2 

3.1 0.016 0.014 8.4E-06 2.7 

4.0 0.016 0.014 8.4E-06 3.5 
4.8 0.016 0.014 8.4E-06 4.2 

- Discharge (Q) represents an average Q during step, n 

- Orawdown (s) represents the maximum observed drawdown during step, n 

gpm - gallons per minute 

ft - feet 

201506_07 _SlepTestResutts_ TBL-7 

Drawdown due to 
Turbulent Flow Well Efficiency 

Sw Ew 
(ft) (%) 

0.031 96 

0.079 94 

0.21 91 

0.32 89 

0.54 87 

0.76 85 

1 of 1 
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TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

I 
TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN I 

HARTFORD PETROLEUM REL.EASE SITE, HARTFORD, ILLINOIS 

Data Distance from Hydmslnlligraphic Moaouing Point Corm:led Waler Un.,.,rrecled Correcled Cap fn;,m Siar! of I 
Lccation Measured Pumping Center Unit Elevatim, Deptt, to LNAPL Depth to Water LNAPL Thickness Elevalian Drawdown Drawdawn Focused Pumping 

(feet) (11-emsl) (ft-bmpl (11-bmp) (leot) (ft•emsl) (feet) (feel) I 
PZ-02 2120/15 4 Main Sand 430.82 ND I 35.80 - 394.82 3.69 1.73 42 

2125/15 430.62 ND 35.87 - 394.75 3.76 1.72 47 

312/16 430.62 ND 38.19 - 394.43 4.08 1.84 52 I 
3110115 430.62 ND 38.31 - 394.31 4.20 1.87 60 

3111115 430.62 NO 
J 

34.38 - 398.24 2.27 -0.14 61 

3117115 430.62 ND 34.00 - 396.62 1.89 0.03 87 I 
3/23115 430.62 ND 33.50 - 397.12 1.39 0.04 73 

3130115 430.62 ND 33.30 - 397.32 1.19 OJ17 80 

I 
PZ-03 1/9115 8 Main Sand 430.26 ND 31.74 396.52 - - 0 

1/13115 430.26 ND 33.85 - 386.31 2.21 1.38 4 I 
1119115 430.26 ND 34.29 - 395.97 2.55 1.40 10 

1/22/15 430.26 ND 
! 

34.61 395.6~ 2.B7 1.48 13 
.I 

1130/15 430.26 ND 34.87 - 395.39 3.13 1.44 21 I 
2/3115 430.26 ND 34.95 - 39S.31 3.21 1.48 25 

2/10/15 430.26 ND 35.02 - 395.24 3.28 1.44 32 

2/20/15 430.26 ND 35.40 394.88 3.BII 1.87 42 I 
2/25/15 430.26 ND 35.47 394.79 3.73 1.86 47 

312/15 430.26 ND 35.80 - 394.48 4.08 1.59 52 

I 3110115 430,26 ND 35.91 394.35 4.17 1.60 60 

3/11115 430.26 ND 34.04 - 398.22 2.30 -0.14 61 

3117115 430.26 ND 33.88 - 398.58 U4 0.05 67 I 312a/15 430.26 ND 33.18 - 397.10 1.42 0.04 73 

3130/15 430.28 ND 32.95 - 397.31 1.21 0.06 80 

HLRW-001 119/15 10 Main sand 433.87 ND 35.42 - 398.45 - 0 I 
1113115 433.87 ND 37.50 - 398.37 2.08 1.27 4 

1/19/15 433.87 ND 37.88 - 396.D1 2.44 1.31 10 I 
1/22/15 433.87 ND 36.17 - 395.70 2.75 1.36 13 

1/30/15 433.87 NO 36.45 - 395.42 3.03 1.36 21 

213115 433.87 ND 
I 

38.56 395.31 3.14 1.43 25 I ! -
2110/15 433.87 ND 38.54 - 395.23 3.22 1.40 32 

2/20/15 433.87- ND 39.02 - 394.85 3.80 1.63 42 

I 2/25115 433.87 ND 39.10 - 394.77 3.68 1.83 47 

"" 
312/15 433.87 ND 39.41 - 394.48 3.99 1.54 52 

~ 3/1 D/15 433.87 ND 39.48 - 394.39 4.06 1.52 6D I 0 
<D 433.87 ND 37.72 398.15 2.30 -0,12 61 
ci. 3/11115 -
.c 3/17115 433.87 ND 37.32 - 396.55 1.90 0.03 67 
u 
"' JO I E 
"' (9 
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TABLE e. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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I 
I 
I Date Distance from 

Location Mei15ured Pumping Cente, 

I (feet) 

HPW.Ot 119115 0 

1/13115 

I 1/22115 

1/30/15 

I 
21:!1115 

2110/15 

2/20/15 

I 2125/15 

312115 

3110/15 

I 3111115 

3117115 

3123115 

I 3130/15 

I 
PZ-01 119115 3 

1/13/15 

1119115 

I 1/22115 

1130/15 

213115 

I 2110/15 

2120/15 

2125/15 

I 312115 

3110/15 

3111115 

I 3117/15 

3123/15 

I 
3130/15 

PZ-02 119115 4 

I 1/13/15 

1/19115 

1/22115 

I 1130/15 

213115 

2110/1~ 

0 
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TABLE 8. AREA A MANUAL FWID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 

H~drostratigrephic 
Unit 

Main Sand 

Main Sand 

Main Sand 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, IU.INOIS 

Measuring Poinl 
Elevallon Depth l0 LNAPL Depth ID Walor 
(ft..amllJ) (11-bmp) (11-tlmp) 

433.51 NO 35.50 

433.51 NO 40.70 

433.51 NO 41.50 

433.51 ND 41.90 

433.51 ND 41.90 

433.51 NO 42.00 

433.51 ND 42.70 

43M1 ND 42.50 

433.51 ND 43.00 

433.51 ND 43.10 

433.51 ND 37.70 

433.51 NO 37.32 

433.51 ND 38.80 

433.51 ND 36.60 

430.15 ND 31.67 

430.15 NO 33.95 

430.15 ND 34.26 

430.15 ND 34.59 

430.15 ND 34.85 

430.15 ND 34.91 

430.15 ND 35.00 

430.15 NO 35.36 

430.15 ND 35.42 

430.15 ND 35.75 

430.15 ND 35.89 

430.15 ND 33.92 

430.15 ND 33.55 

430.15 ND 33.04 

430.15 ND 32.85 

430.62 ND 32.11 

430.62 ND 34.39 

430.62 ND 34.71 

430.62 ND 35.02 

430.62 ND 35.23 

430.62 ND 35.31 

430.62 ND 35.44 

--- --

Corrected Water Unoorrected COrrected Dsys from start of 
LNAPL Thickm,so Elevation Drawdc:,,m Orawdown FC>CUsed Pumping 

(fael) (11-am&II (feel) (feel) 

- 398.01 - D 

- 392.81 5.20 4.84 4 

- 392.01 6.00 5.31 13 

- 391.61 6.40 5.45 21 

- 391.61 6.40 5.18 25 
- 391.51 6.!iO 5.23 32 

- 390.81 7.20 5.82 42 

- 391.01 7.00 5.47 47 

- '90.51 7.!iO 5.90 52 
- '90.41 7.60 5.59 60 
- 395.81 2.20 0.10 61 

- 396.19 1.82 -0.16 87 
- 396.71 1.!lO -0.13 73 

- 396.91 1.10 0.16 60 

- 398.46 - D 

- 396.20 2.28 t.50 4 

- 395.87 2.81 1.50 10 

- 395.58 2.92 1.55 13 

- 395.30 3.18 1.54 21 

- 395.24 3.24 1.56 25 

- 395.15 3.33 1.53 32 

- 394.79 3.69 1.75 42 

- 394.73 3.75 1.73 47 

- 394.40 4.08 1.65 52 
- 394.26 4.22 1.70 80 

- 396.23 2.25 -0.15 81 

- 396.60 1.81! 0.04 67 

- 397.11 1.37 0.04 73 

- 397.30 t.16 O.DI! 80 

- 398.51 - 0 

- 398.23 2.28 1.48 4 

- 395.91 2.60 1.48 10 

- 395.80 2.91 1.53 13 

- 395.39 3.12 1.46 21 

- 395.31 3.20 1.50 25 

- 395.18 U3 1.52 32 
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TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

I 
TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORR£CTED DRAWDOWN I 

HARTFORD PETROLEUM REL~E SITE, HARTFORD, ILLINOIS 

Date Distance from Hydn:,slratlgraphic Maasuring PDint Com,cled Weter Uncorrected Corrected Da)l'I from Start of I 
Location Measured Pumping cenlfi UM ElevaUan Deplh to LNAPL Depth to Watar LNAPL Thlcknes• EJ.,.adan Orawdown Drawdown Focused Pumping 

(feel) (11-amsl) (fl-bmp) (11-l>mpl_ (h,etj (ft-amsl) (feet) (feet) I 
MP-133 1122/15 1W Main Send 429.48 32.85 32.88 0.03 398.62 2.01 0.88 13 

1130115 429.48 ND 33.17 - 398.31 2.32 0.72 21 

2/3115 429.48 ND 33.50 - 3115.98 2.85 1.01 25 I 
2/10115 429.48 ND 33.50 - 311!;.98 2.85 0.89 32 

2120115 429.48 ND 33.60 - Jll!;.88 2.75 0.85 42 

I 2125115 429.48 ND 33.37 - 396.11 2.52 0.54 47 

3/2115 429.48 ND 33.90 - 311!;.58 3.05 0.86 52 

3/10115 429.48 ND 34.84 - 394.84 3.79 1.31 1W I 3/11/15 429.48 ND 33.14 - 398.34 2.29 -0.07 81 

3117/15 429.48 ND 32.7D - 396.78 1.85 0.05 67 

3123/15 429.48 ND 32.16 - 397.32 1.31 0.02 73 I 3/30115 429.48 ND Jl.92 - 397.56 1.07 0.01 80 

ASW-1 1/9/15 72 Multiple Strata 430.43 ND 31.96 - 396.47 - 0 I 
1/13115 430.43 ND 33.11 - 397.32 1.15 0.52 4 

1/19/15 430.43 ND 33.49 - 398.94 1.53 0.58 1D 

1/22/15 430.43 ND 33.78. - 398.65 1.62 0.61 13 I 
1/30/15 430.43 ND 34.oe - 398.35 2.12 0.63 21 

2/3115 430.43 ND 34.20 - 396.23 2.24 0.71 25 

I 2/10/15 430.43 ND ·34.28 - 3911.15 2.32 0.68 32 

2/20/15 430.43 ND 34.55 - 395.88 2.511 0.80 42 

2/25115 430.43 ND 34.67 - 395.76 2.71 0.84 47 I 312115 430.43 ND 34.96 - 395.47 3.00 0.73 52 

3110/15 430.43 ND 35.1D - 395.33 3.14 0.77 6D 

3111/1!1 430.43 ND 34.0B - 396.34 2.13 -0.11 61 I 3117/15 430,43 ND 33.7D - 398.73 1.74 O.D5 67 

3123/15 430.43 ND 33.2D - 397.23 1.24 0.06 73 

3/30/15 430.43 ND 32.B2 - 397.51 D.96 0.01 6D I 
HMW-044C 11911!1 71 MainSsnd 428.21 29.90 29.92 0.02 398.31 - 0 

I 1113115 428.21 31.15 31.24 0.09 397.04 1.27 0.58 4 

1119/1!1 428.21 31.55 ! 31.60 0.05 396.65 1.66 0.65 10 

1122115 428.21 31.87 31.89 0.02 398.34 1.B7 0.7D 13 

I 1130/1 ~ 428.21 ND 32.17 - 398.04 2.27 0.72 21 

213/15 428.21 32.23 32.25 0.02 395.98 2.33 0.74 25 

"" ~ 2110/15 428.21 ND 32.30 - 395.91 2.-10 0.70 32 I N 
<D 

2120115 428.21 ND 32.55 - 395.66 2.65 0.80 42 
ci. 
.c 2/25/15 428.21 ND 32.62 - 395.59 2.72 0.78 47 
u 
"' I -" 
E 
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TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWOOWN i;J 

" HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 3 
O" 

I ~ 
"" Dale Oiotance rram Hydrostralign,phic Measuring Point Corrected Water Un-ed Correeled IJays from Start or "' "' Location Meal!liured Pumpinij Center Unit El8"ation Depth ta LNAPL Depth 1o Water LNAPL Thicknen Elavatian Drawdown Orawdown Focused Pumping in 
<D 

I (feet) (ft-emsl) (fl-bmp) (11-bmp) (feet) (fl-ernsl) (met) (feet) 
HLRW-001 3123/15 10 Me~ Sand 433.87 ND 36.82 - 397.05 1.40 0.04 73 

3/30/15 433.87 ND 38.60 - 397.27 1.16 O.OS 80 

I 
ASW-3 1/8115 39 MuJijple Strata 430.51 32.00 32.02 0.02 396.51 0 - -

I 
1113/15 430.51 33.33 33.40 0.07 397.16 1.34 0.83 4 
1118/15 430.51 33.67 33.UO 0.03 396.83 1.87 0.83 10 
1122/15 430.51 34.12 34.16 0.04 396.38 2.12 0.83 13 

I 1130/15 430.51 34.42 34.48 0.04 398.08 2.42 0.&5 21 
2/3/15 430.51 ND 34.57 - 395.114 2.57 0.95 25 
2/10/15 430.51 ND 34.86 - 395.83 2.68 0.95 32 

I 2120/15 430.51 34.98 34.98 0.02 395.55 2.96 1.08 42 
2125/15 430.51 ND 35.10 - 395.41 3.10 1.14 47 
312/15 430.51 ND 35.42 - 395.09 3.42 1.06 52 

I 3110/15 430.51 Nil 3M5 - 394.98 3.55 1.09 60 
3111115 430.51 Nil 34.28 - 398.23 2.28 -0.05 81 
3117115 430.51 Nil 33.82 - 398.69 1.82 0.114 67 

I 3123/15 430.51 ND 33.32 - 397.19 1.32 o.os 73 
3/30/15 430.51 ND 33.D1 - 397.50 1.01 -0.03 80 

I MP-137 119115 45 Main Sand 429.50 NO 30.87 - 398.63 - - D 
1113/15 429.50 ND 32.35 - 397.15 1.48 1.02 4 

I 1119/15 429.50 ND 32.78 - 398.72 1.91 1.13 10 
1122/15 429.50 ND 33.05 - 398.45 2.18 1.14 13 
1130/15 429.50 ND 33.27 - 398.23 2.40 1.09 21 

I 213/15 429.50 ND 33.40 - 398.10 2.53 1.17 25 
2110/15 429.50 NO 33.46 - 396.04 2.59 1.12 32 
2120/15 429.50 NO 33.70 - 395.80 2.83 1.21 42 

I 2125115 429.50 ND 33.80 - 395.70 2.93 1.24 47 
312/15 429.50 NO 34.21 395.28 3.34 1.24 52 

I 
3110/15 429.50 NO 34.30 - 395.20 3.43 1.24 60 
3/11115 429.50 NO 32.75 - 398.75 1.88 -0.19 61 
3117115 429.50 NO 32.42 - 397.08 1.55 0.03 87 

I 3/23115 429.50 Nil 31.96 - 397.54 1.09 o.oa 73 

3130/15 429.50 NO 31.72 - 397.78 0.85 0.07 80 

I MP-133 119115 so Mein Send 429.48 NO 30.85 - 398.C3 - 0 
1113115 429.48 32.15 

0

32.17 0,02 397.33 po 0.!5e 4 
1119/15 429.48 32.56 32.5B 

-.~ 
0.02 398.92 1.71 0.65 10 

2!115Cle._m._0th<bml!-_mL-a Page 3 gf9 
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í PTABLE 6. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

I 
TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN I HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Dale Distance frcm Hydmstraligraphic Measuring Point Corrected Water Uncorrected Com!clod Days Imm Start of I 
Location Meao..-ed Pumping Center Unit Etev■tion 0.p1h to LNAPL Depth to Water LNA.PL Thidcn""8 Elevation Orawdown Drawdown Focused Pumping 

(feet) (11-amsl) {11-bmp) (11-bmp) (feol] (fl-amoQ (felll) (feet) I ASW-2 119/15 B8 Muluple Strata 430.36 NO 31.87 - 398.49 - - 0 

1113115 430.36 ND 32.98 - 397.38 1.11 0.45 4 

1119115 430.36 NO 33.36 - 397.00 1.49 0.51 10 I 1122/15 430,36 NO ! 33.64 - 396.72 1.77 0.53 13 

1/30/15 430.36 NO I 33.94 - 396.42 2.07 0.55 21 

I 213115 430.36 ND I 34.03 - 398.33 2.18 0.60 25 
I 

2110115 430.36 ND 34.13 - 396.23 2.28 0.59 32 

2/20/15 430.36 ND 34.38 - 395.98 2.51 0.69 42 

•• 
2125115 430.36 ND 

. 
34.50 395,86 2.63 0.73 I - 47 

312115 430.36 NO 34.83 - 395.53 2.98 0.88 52 

3110/15 430.36 ND 35.00 - 395.36 3.13 0.74 6D I 3111115 430.36 ND 34.05 - 31111.31 2.18 --0.09 61 

3117115 430.36 ND 33.55 - 396.81 1.68 --0.04 87 

3123115 430.36 NO 33.16 - 397.20 1.29 0.08 73 I 3130/15 430.36 ND 32.90 - 397.48 1.03 0.05 60 

MP-135 119115 91 Main Sand 429.48 ND 3D.67 - 398.81 - 0 I 
1113115 429.48 ND 31.91 - 397.57 1.24 0.57 4 

1119/15 429.48 ND 32.27 - 397.21 uo 0.61 10 

I 1122115 429.48 ND 3259 - 31111.89 1.92 0.67 13 

1130/15 429.48 NO 32.6'1 31111.57 2.24 0.72 21 

2/3115 429.46 ND 32.93 - 398.55 2.:ze 0.69 25 I 2/10115 429.48 ND 33.D0 - 31111.48 2.33 0.65 32 

2/20/15 429.48 NO 33.30 - 31111.18 2.63 0.80 42 

2/25115 429.48 ND 33.38 - 31111.10 2.71 0.81 47 I 312115 429.48 ND 33.75 - 395.73 3.08 0.77 52. 

3110/15 429.48 NO 33.90 - 395.58 3.23 D.83 60 

3111115 429.48 ND l 32.82 - 396.66 2.15 -0.13 81 I 3117115 429.4B ND 32.42 - 397.06 1.75 0.02 67 

3123115 429.4B NO 31.95 - 397.53 1.28 0.06 73 

I 3130115 429.4B ND 31.70 - 397.78 1.03 0.04 80 

MP-136 119/15 99 M•in Sand 429.41 30.62 30.82 D.20 398.74 - 0 

I 1113/15 429.41 31.60 32.14 D.34 397.53 1.21 0.55 4 

1119115 429.41 32.19 32.49 D.30 397.15 1.59 0.60 10 
"" 1122/15 429.41 32.51 32.72 ~ D.21 396.B~ 1.89 0.64 13 I ... 
<D 113D/15 429.41 32.84 32.94 0.10 396.55 2.20 0.87 21 
ci. 
.c 2/3/15 429.41 NO 32.86 - 396.55 2.19 0.63 25 u 
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TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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3/11/15 429.57 ND 32.95 -  396.62 2.19 -0.13
3/17/15 429.57 NÛ 32.60 -  396.97 1.75 0.07

3/23/15 429.57 ND 32.06 -  397.51 1.21 0.04
3/30/15  429.57_________  ND 31.62 -  307.75 0,97 0.03
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TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 

i;J 

" 3 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS O" 

~ 
I "" 

"' Date Oi51ance from Hydrastrllligraphic Measuring Paint Corrected WIiier Unoorreeted Cll""cted Dayg from Start of "' in Location Meuured Pumping Center Unit Ele•Blion Depth 10 LNAPL Oeplh lo Water LNAPL Tnicl<neso Elevation Drawdown Drawdown Focused Pumplnu <D 

I (feet) (11-omsl) (11-bmp) (it-bmp) [feet) (11-am&I) (feet) (feat) 

HMW-044C 312115 77 Moin sand 428.21 ND 32.95 - 395.26 3.05 0.72 52 

I 
3111!115 42821 ND 33.10 - 395.11 3.20 0.77 60 
3111115 42821 ND 32.07 - 386.14 2.17 -0.13 61 
3117/15 42821 ND 31.68 - 396.53 1.78 0.03 67 

I 
3123115 42821 ND 3120 - 397.01 1.30 0.01:1 73 

3130115 42821 ND 30.9B 397.25 I.DB 0.05 80 

I HMW~O 1/9/15 T7 Main Sand 429.76 ND 31.35 - 396.41 - 0 

1113115 429.76 ND 32.66 397.10 1.31 0.68 4 

1119115 429.76 33.00 33.01 0.01 39B.78 1.B5 0.70 10 

I 1122/15 429.76 ND 33.37 - 398.39 2.02 0.81 13 

1130/15 429.7B ND 33.85 398.11 2.30 D.82 21 

2/3115 429.76 ND 33.68 398.10 2.31 D.78 25 

I 2110/15 429.78 ND 33.78 395.118 2.43 0.79 32 

2120/15 429.76 ND :l-4.07 395.611 2.72 0.83 42 

I 
2125/15 429.78 ND :l-4.12 - 395.6'1 2.77 0.91 47 

3/2/15 429.78 ND 34.50 385.26 3.15 0.88 52 

3110/15 429.76 ND 34.6-4 395.12 3.29 0.93 BO 

I 
3111/15 429.78 ND 33.45 - 396.31 2.10 ..()_14 81 
3117/15 429.78 ND 33.08 3911.88 1.73 0.04 67 

3123115 429.76 ND 32.57 - 397.19 1.22 0.04 73 

I 3130/15 429.76 NO 32.35 - 397.41 1.00 0.05 80 

MP•t:l-4 1/9/15 BO Main Sand 429.57 30.80 31.02 0.22 398.72 - Q 

I 1113115 429.57 32,□8 32.36 0.28 397.43 1.29 0.87 4 
1119115 429.57 32.46 32.71 0.25 397.05 1.67 0.72 10 

1122115 429.57 32.78 33.03 0.25 396.73 1.99 0.78 13 

I 1130/15 429.57 33.oe 3325 D.19 396.47 2.25 0,78 21 

213/15 429.57 33.11 33.19 0.08 396.44 2.28 0.76 25 

I 
2110115 429.57 33.21 33.~0 0.29 396.29 2.43 0.79 32 
2120115 429.57 33.~0 33.54 0.04 396.06 2.66 0.138 42 

2121!115 42U7 ND 33.30 - 396.27 2.45 0.59 47 

I 312115 429.57 33.89 33.93 0.04 3~.67 3.05 0.79 52 

3110/15 429.57 NO :l-4.05 - 395.52 3.20 □,84 60 

3111115 429.57 ND 32.95 - 396.82 2.10 -<1.13 61 

I 3117/15 429.57 ND 32.60 - 396.97 1.75 0.07 117 

3123115 429.57 NO 32.06 - 397.51 1.21 0.04 73 

3130/15 429.57 ND 31.62 

I 
- 307.75 0.97 D.03 80 
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TABLE B. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

I 
TABLE 8. AREA A MANUAL FLUID LEYEL MEASUREMENTS AND CORRECTED DRAWDOWN I 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Oele Oislance from Hydrosntigraphic Measuring Point Cofre<,ted Water Un""""cted Corrected Days from Stan of I 
L"""tion Measured Pumping Center Uni Elevation Depth to LNAPI. Depth to Water 1.NAPL ThicknHII Elevation DrawdDW11 Drawd<»Ml Focused Pumping 

(feet] (ft-amsl) (fl-bmpJ (ft,bmp) (feet] (ft-amsl) {feel] (-] I 
MP-055C 3/17/15 151 Main Sand 429.67 ND 33.10 - 398.51 1.24 0.03 87 

3/23115 429.67 ND 32.80 - 397.01 D.74 0.04 73 

3/30/15 429.87 ND 32.38 - 397.29 D.52 0.05 80 I 
MP-097D 119115. 189 ·Main Sand 429.31 ND 30.70 - 398.61 - - 0 

I 1/13115 429.31 31.68 31.74 0.08 397.83 0.98 0.33 4 

1119/15 429.31 31.99 I 32.U 0.12 397.28 1.32 0.35 1D 

1122115 429.31 32.26 32.34 0.08 397.03 1.58 0.35 13 I 1/30/15 429.31 32.58 32.58 0.02 398.75 I.BB 0.38 21 

213115 429.31 ND 32.61 - 398.7D 1.81 0.38 25 

2110/15 429.31 32.70 32.72 0.02 398.111 2.00 0.34 32 I 2120/15 429.31 ND 32.92 - 398.39 2.22 0.41 42 

2125115 429.31 ND i 33.DD - 396.31 2.30 0.41 47 

3/2115 429.31 ND 33.30 - 39ll.01 2.60 0.31 52 I 
3/10/15 429.31 ND 33.43 - 395.88 2.73 0.35 80 

3/11/15 429.31 ND 32.78 - 398.53 2.08 -0.18 81 

"3/17115 429.31 ND 32.36 - 396.95 1.68 -D.05 87 I 
3/23/15 429.31 ND 32.00 - 397.31 1.30 0.10 73 

3/30/15 429.31 ND 31.80 - 397.51 1.10 0.13 80 

I 
MP-054C 1/9115 243 Main sand 430.07 30.59 34.42 3.83 398.60 - - 0 

1113115 430.07 31.80 35.31 3.71 397.82 0.98 -0.D5 4 I 1119115 430.07 32.93 33.34 0.41 397.05 1.55 0.20 1D 

1122/15 430.07 33.21 33.82 0.41 396.71 1.B3 0.22 13 

1/30115 430.07 33.52 33.92 0.40 3911.46 2.14 0.2S 21 I 
2/311 S 430.07 33.58 33.95 0.37 396.40 2.19 0.211 25 

2110/15 • 430.07 33.41 34.10 0.69 398.50 2.10 O.OS 32 

2/20/15 430.07 33.92 34.211 0.38 398.07 2.53 0.34 42 I 
2125/15 430.07 34.00 34.50 0.50 395.96 2.84 0.37 47 

312115 430.07 34.34 34.83 0.49 395.62 2.98 0.31 52 

I 3110/15 430.07 ND 34.50 - 395.57 3.03 0.26 8D 

3/11115 430.07 ND 34.02 - 398.05 2.55 -0.10 81 

3/17115 430.07 ND 33.60 - 398.47 2.13 0.04 87 I 3/23115 430.07 ND 33.09 - 398.98 1.62 0.04 73 

3130/15 430.07 ND 32.85 - 397.22 1·.Je 0.03 8D 

"" ~ I <D 
<D MP-035D 119115 1024 Main Sand 430.43 33.46 34.22 0.76 396.80 - 0 
ci.· 

-
.c 1113115 430.43 33.80 34.81 0.81 398.44 0.35 0.08 4 
u 
"' I JO 
E 
"' (9 
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TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN i;J 

" HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 3 
O" 

I ~ 
"" 

Oat,, Distance frorn Hydroalrali9rapt,ic MMsuri19Pa1n1 CarrectedWeter Uncarrected Corrected Days flDm Start af "' --J 

Location Measured Pumping Center Unit Elevatlon Deplh to LNAPL Deplh to Wsler LNAPL ThlckneH ElevaUon Drawdawn Drawdawn Facuaed Pumping in 

I 
<D 

(feet) (11-am•I) (lt-bmp) (ft-bmp) (l■at) (ft-amal) (feel) (feet) 

MP-1$ 2110115 99 Main Sllnd 429.41 ND 32.98 - 396.43 2.31 0.63 32 

I 
2120115 429.41 ND 33.24 - 3!3e.17 2.57 0.75 42 

2125/15 429.41 ND 33.35 - 396.0B 2.66 0.78 47 

312115 429.41 NO 33.87 - 395.74 3.00 0.69 52 

I 
3/10115 429.41 NO 33.80 - 395.61 3.13 0.73 6D 

3/11/15 429.41 ND 32.79 - 398.02 2.12 .0.16 61 

3117115 429.41 NO 32.45 - 398.98 1.78 0.06 67 

I 3123115 429.41 NO 31.92 - 397.49 1.25 0.04 73 

3130/15 429.41 ND 31.72 - 397.89 1.05 O.D7 80 

I HMW~O 119115 117 MuHple Strata 430.65 ND 32.32 - 398.33 - - 0 

1113115 430.65 ND 33.31 - 397,34 0.99 0.35 4 

1119115 430.65 ND 33.70 - 396,95 1.38 0.42 10 

I 1122115 430.85 ND 33.96 - 396.69 1.64 0.42 13 

1/30115 430.65 ND 3425 - 396.40 1.93 0.43 21 

I 
213/15 430.65 ND 34.32 396.33 2.00 0.46 ~ 

2110/15 43065 ND 34.43 - 396.22 2.11 D.46 32 

2120/15 430.65 ND 34.68 395.97 2.31! 0.56 42 

I 
2125/15 430.65 ND 34.80 - 395.85 2.48 0.80 47 

312115 430.65 ND 35.12 395.53 2.80 0.52 52 

3110115 430.65 ND 35.22 - 395.43 2.1111 0.53 80 

I 3111/15 430.65 ND 34.<17 - 396.18 2.15 --0.1D 61 

3117115 430.65 ND 34.04 - 396.61 1.7:2 0.02 07 

3123115 430.65 ND 33.57 - 397.0B 1.25 0.06 73 

I 3130/15 430.65 ND 33.30 - 397.35 0.98 0.02 BO 

MP--05!>C 1111/15 151 Main Sand 4211.67 31.77 32.16 0.39 397.81 - 0 

I 1113115 429.67 32.57 32.96 0.39 3117.01 0.80 0.65 4 

1119115 429.67 32.30 34.11 1.81 3B6.9S 0.86 0.311 10 

I 
1122115 429.67 32.72 33.92 1,20 396.67 1.14 0.41 13 

1130/15 4211.67 33.17 33.66 0.49 396.39 1.42 0.42 21 

213115 429.67 33.22 33.83 0.41 3911.38 1.45 D.41 25 

I 2110/15 429.67 33.-40 33.50 0.10 3911.25 1.56 0.40 32 

2120/15 4211.67 33.61 33.110 0.29 395.99 1.82 0.51 42 

2125/15 429.67 33.37 34.00 0.63 396.16 1,68 0.27 47 

I 312115 429.67 34.00 34.58 0.58 3U54 2.27 0.48 52 

3110/15 429.67 34.14 34.16 0.02 395.53 2.28 0.40 60 

3/11115 429.67 ND 33.50 - 398.17 U4 -0.12 61 

--~ 
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TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

printed 07/21/2016 2:C
9PM

 by D
ave-G

am
bach p. 68/99

£8
1

p (L.

iQ
 LL

l
l

 ®
 

1
1

«

O
 

h
 

û
 

A
 

N
 S

œ
 

a
 

m
 

fl (N
n

n
n

rt rt rt rt 0» M

Ï
»

5at
è

s
 

. 
t

s
 

3

s£
 = =

 
_

0
 

«

IS
 I

s
¡2 s 

£EfiSJ!i
l

l
.a €

i
l

O
 3 
s

»
 

S
(

V
N

N
O

^
N

n
O

a
r

i
O

>
n

^
m

N
N

N
N

O
r

N
n

O
 

°
 

^
 

w
n

n
n

^
'

t
i

n
S

i
D

i
D

N
O

2 o O S 8 8
O

 
O

 
□

 
O

 
O

 
D

S g 5 S
° 9 >? 9

o
 

*n 
a

 
u

 
m

 
cm

h> 
a

 
rQ 

n
 

n
 m

' 
d

 ^
 

’ 
’

a
 

a
 a

 
cm 

n
 

a
_ 

oí 
o

 
tt 

n
 

to 
n

' *• 
n r p d d

S
2

S
f

e
S

§
g

f
e

ë
g

&
a

9
9

9
9

9
9

9
i9

9
9

9
°

(1
 

A
 

d
 

d
 

d
 

U
 

in
 

fl) 
Is 

d
 

n
n

v
in

n
c

v
v

tts

r 
«0

a
CO

a
a

a
h-

a
a

_
_

n
■m-

0
CM

¡3
0)idOb

CM8
K0b

a8
a«cia

Wcda
«idCD

aida
aida

|s.ida
aida

CMida
ida

<Nida
K.ida

CMCOa
(0a

> 
n

a
n

P3
a

o
n

n
n

r>
e>

«
«

«
n

4*7
n

o

S , 
5 8 Ï

—
 

N
 

(N
 

4N
i 

i 
i 

i 
I 

: 
i 

I 
! 

;

S
S

S
S

S
S

o
 

s s s s s s 2
8

o) 
in 

n
 

in 
<o

_ ^
 N

 
O

 
^

 F
fi fi fi S Ä 9>

S
r

(
O

r
r

r
||)

(
M

Q
O

 
_ 

_
c

s
-

5
m

<
e

<
o

c
o

T
-

<
N

8
-

Q
a

û
M

4
«

^
4

4
^

W
>

C
D

U
9

Z
Z

Z
F

io
r

t
r

t
n

f
lr

t
r

t
f

lw

n
 

rt 
n

 
n

 
n

^
 

w; 
^

i t S tí §
n

n
n

n
n

n
n

n
 

^
 

^
 

^
 

^
 

^
 

rp 
rt 

^

3
 

3
n

 
n

 
cn 

n
 

m

soo«is«oiA
innF

)tM
iE

)^in
<

p
q

fo
in

œ
®

a
T

-
P

i(
ü

is
,u

3
T

-
<

ô
R

i;
ffjrtpiw

trifoSiSiSiPiílíirtw
w

a
a

û
Q

D
Q

Q
O

Q
Q

Q
Q

Q
Q

Û
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

V
 

O
 

C0
 

a
 

A
 

iû
 

A
 

a
 

a
 

<a 
cû 

co 
4Û

 
CÛ 

(Û
 

O
ffl2

i
S

S
S

o
S

e
D

O
f

l
O

f
i

..................fttisia
................

IM
 

CM
 

(M
 

(M
 

n
T

 
í

 
9

 
Í

 
^

 
Í

in 
in 

in
3

 
a

 
_ 

ç
 

Ö
 

£ in 
n

 
in 

in 
n

 
^

 
m

 
ij

S
c

S
S

S
c

S
S

in 
in 

in
"

 
a

 
ö

a
S

S
S

s
S

S
S

S
IO

 
40

s
 

i
^

 
5

 
“

w
lo

in
in

m
,r

)
io

in
«

i>
in

w
3

s
ó

q
íiS

ó
ííS

"

2
i ;
I J 
i 1
*■ 

d

ft-brnp • feet below measudno point 
ND - not detected

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LocaUon 

MP-0350 

MP-0850 

Note,;: 

• - Not meHurad 

Date 
Measured 

1/111/15 

1122115 

1/30115 

213115 

2110/15 

2120/15 

2/2S/15 

312115 

3110/15 

3111/15 

3117/15 

3123115 

3/30/15 

119115 

1/13115 

1/111115 

1122115 

1130/15 

213/15 

2110115 

2120115 

2125115 

S/2115 

3110115 

3111m 

3117115 

3123115 

3/30/15 

n-amsl - feet above mean ••• lellel 
lt•bmp • feet below meaouring point 

ND · not date""'d 

20150l!i_08_~_TBL-t 

Dtstanca from 
Pumping Center 

[!eel) 

1024 

1099 

TABLE 8. AREA A MANUAL FLUID LEVEL MEASUREMENTS AND CORRECTED DRAWDOWN 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

HydrDSlraligral)hic 
Unff 

Measuring P<>int Correc1ed Waler 
Bevalion Deptt,to LNAPL Depth to Water LNAPL Thickness Elevation 

(ft-amol) (ft-bmp) (ft-bmp) (feet) (ft-amal) 

Main Send 430.43 33.99 35.48 1.49 396.10 

430.43 34.21 35.74 1.53 395.87 

430.43 34.46 38.0B 1.62 395.60 

430.43 34.51 36.20 1.69 395.53 

430.43 34.61 36.36 1.75 395.42 

4311.43 34.81 36.33 l,!;2 395.27 

43D.43 34.85 NO - -
43D.43 35.12 37.30 2.18 394.81 

43D.43 35.2D 37.49 2.29 394.70 

43D.43 35.1D 37.25 2.15 394.84 

43D.43 NO 34.95 - 395.48 

43D.43 NO 34.45 - 395.9B 

43D.43 ND 34.18 - 396.25 

Main Sand 427.88 NO 30.87 - 397.19 

427.BB ND 31.DO - 396.88 

427.86 ND 31.30 - 396.56 

427.86 ND 31.59 - 398.27 

427.86 ND 31.87 - 395.99 

427.86 NO 31.89 - 395.97 

427.86 NO 32.00 - 395.86 

427.86 NO . 32.15 - 395.71 

427.86 ND 32.25 - 395.61 

427.86 ND 32.85 - 395.21 

427.86 ND 3273 395.13 

427.66 ND 3262 395.24 

427.86 ND 3216 395.70 

427.86 ND 31:64 - 396.22 

427.86 ND 31.45 - 396.41 

UncomK:ted Corractod 
Drawdown Orawdown 

(feel) (feet) 

0.70 0.10 

0.93 0.07 

1.20 0.07 

1.21! 0.08 

1.3B 0.08 

1.52 0.08 

-
1.99 0.07 

2.09 D.08 

1.96 D.D7 

1.32 -0.02 

0.82 -0.01 

0.55 -0.05 

-
0.33 -0.08 

, 0.83 -0.10 

0.92 -0.07 

1.20 -0.07 

1.22 -0.09 

1.33 -0.09 

1.48 -0.09 

1.58 -0.07 

1.9B -0.07 

2.05 -0.09 

1.95 -0.07 

1.49 O.D2 

0.97 0.01 

0.78 O.D5 

Days lrom SIIH1 of 
Focused Pumping 

10 

13 

21 

25 

32 

42 

47 

52 

60 
81 

67 

73 

80 

0 

4 

10 

13 

21 

25 

32 

42 

47 

52 

60 

81 

67 

73 

80 
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum Incremental Cumulative 

Production Measured Differential Total Volatile Related Mass Mass Mass 
Location Date Well Vacuum Pressure Temperature Flow Rate concentration Concentration Removal Rate Recovered Recovered 

!feell (in-HP) (in-H20) rFl !sciml !eemvl ieemvl {aal/da}'.l {aall j9all 
MPE-A001 116115 71 129.0 0.00 33 0.0 - - 0.0 0.0 0.0 

1/8/15 100.0 0.00 31' 0.0 - - 0.0 0.0 0.0 
1/12/15 82.0 0.41 36 15.5 
1/14/15 59.0 0.49 39 17.5 
1/16/15 39.0 0.35 42 15.2 
1/20/15 23.0 0.59 42 20.1 107,000 64,400 109.1 436 436 
1/22/15 55.0 0.32 42 14.2 95,400 54,900 68.7 137 573 
1/26/15 95.0 0.57 44 17.8 91,800 53,300 82.9 331 905 · 
1/28/15 104.0 0.60 45 18.0 83,400 55,900 76.1 152 1,057 
1/30/15 98.0 0.62 38 18.6 59,500 42,000 56.1 112 1,169 
2/2/15 71.0 0.62 42 19.3 28,400 21,500 27.8 83 1,253 
2/4/15 68.0 0.58 42 18.7 53,800 35,600 51.0 102 1,355 
2/6/15 64.0 0.55 40 18.4 42,800 31,600 39.9 80 1,435 
2/9/15 56.0 0.45 44 16.8 29,200 19,500 24.9 75 1,509 
2/11/15 50.0 0.57 46 19.0 34,400 27,700 33.1 66 1,576 
2/13/15 62.0 0.55 35 18.5 37,200 29,600 34.9 70 1,645 
2/17/15 86.0 0.58 41 18.3 21,800 16,600 20.2 81 1,ne 
2/20/15 83.0 0.65 37 19.5 26,500 20,400 26.2 79 1,805 
2/23/15 74.0 0.58 45 18.5 25,800 20,100 24.2 73 1,878 
2/27/15 57.0 0.58 43 19.0 30,300 23,900 29.2 117 1,994 
3/2/15 53.0 0.57 42 19.0 25,700 20,900 24.8 74 2,069 
3/9/15 33.0 0.45 55 17.1 23,900 20,650 20.7 145 2,214 
3/11/15 39.0 0.40 54 16.0 26,250 23,750 21.3 43 2,256 
3/13/15 80.0 0.19 54 10.4 18,000 14,900 9.5 19 2,275 
3/16/15 75.0 0.42 53 15.6 21,500 17,950 17,0 51 2,326 
3/18/15 79.0 0.55 58 17.7 27,300 24,600 24.5 49 2,375 
3/20/15 87.0 0.42 57 15.3 21,900 17,900 17.0 34 2,409 
3/27/15 93.0 0.58 55 17.8 11,800 8,650 10.7 75 2,484 
3/30/15 99.0 0.33 56 13.3 24,500 21,300 16.5 50 2,533 

"" 4/1/15 84.0 0.06 58 6.1 19,000 14,850 5.9 12 2,545 ~ 
"' 4/6/15 119.0 0.07 63 6.2 15,500 11,050 4.9 24 2,570 <D 
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

-- ---------- - --------· 

TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum Incremental Cumulative 

Production Measured Differential Total Volatile Related Mass Mass Mass 
Location Date Well Vacuum Pressure Temperature Flow Rate Concentration Concentration Removal Rate Rerovered Recovered 

iteetl (in-H20) (in-H~O) rF) (scfm) leemvl !eemv! !gal/da~) waQ !gal) 
MPE-A002 1/6/15 58 73.0 0.00 0 0.0 - - 0.0 0.0 0.0 

1/8/15 67.0 0.00 0 0.0 - - 0.0 0.0 0.0 
1/12/15 75.0 0.00 33 0.0 - - 0.0 0.0 0.0 
1114/15 123.0 0.00 30 0.0 - - 0.0 0.0 0.0 
1/16/15 96.0 0.00 38 0.0 - - 0.0 0.0 0.0 
1/20/15 57.0 0.00 35 0.0 - - 0.0 0.0 0.0 
1/22/15 46.0 0.00 35 0.0 - 0.0 0.0 0.0 
1/26/15 47.0 0.00 36 0.0 - 0.0 0.0 0.0 
1/28/15 110.0 0.00 41 0.0 - 0.0 0.0 0.0 
1/30/15 58.0 0.00 44 0.0 - - 0.0 0.0 0.0 
2/2/15 74.0 0.00 33 0.0 - - 0.0 0.0 0.0 
2/4/15 53.0 0.00 34 0.0 - 0.0 0.0 0.0 
2/6/15 116.0 0.00 37 0.0 - 0.0 0.0 0.0 
2/9/15 37.0 0.00 40 0.0 - 0.0 0.0 0.0 

2/11/15 60.0 0.00 41 0.0 - 0.0 0.0 0.0 
2/13/15 94.0 0.10 38 10.0 138,000 106,600 69.9 140 140 
2/17/15 45.0 0.10 34 9.6 143,000 115,500 69.4 278 417 
2/20/15 50.0 0.10 35 9.6 125,000 85,800 60.9 183 BOO 
2/23/15 113.0 0.13 34 11.8 135,000 95.400 80.4 241 842 
2/27/15 113.0 0.10 30 10.3 145,000 108,100 75.4 301 1,143 
312/15 112.0 0.33 38 19.1 130,000 104,500 126.1 378 1,521 
3/9/15 119.0 0.05 38 7.0 145,000 117,800 51.3 359 1,880 

3/11/15 83.0 0.05 56 6.7 182,000 154,900 61.4 123 2,003 
3/13/15 89.0 0.05 48 6.7 135,000 109,760 46.1 92 2,096 
3/16/15 83.0 0.14 48 11.7 100,000 82,700 59.5 178 2,274 
3/18/15 n.o 0.13 49 11.1 106,000 85,500 59.9 120 2,394 
3/20/15 74.0 0.05 48 6.7 105,000 86,800 35.4 71 2,465 
3/27115 89.0 0.13 45 9.2 82,800 65,100 38.8 271 2,736 

"" 3/30115 87.0 0.27 46 13.5 75,300 64,000 51.7 155 2,891 
~ 4/1/15 80.0 0.25 53 13.1 88,500 69,000 58.6 117 3,008 0 
r--
ci. 4/6/15 90.0 0.23 58 12.3 59,200 44,000 36.8 184 3,192 .c 
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum Incremental Cumulative 

Production Measured Differential Total Volatile Related Mass Mass Mass 
Location Date Well Vacuum Pressure Temperature Flow Rate Concentration Concentration Removal Rate Recovered Recovered 

{teetl (in-H20) (in-H20) rFl 1scrml !Pemvl 1eemvl {aal/da)'.l !aall 1aa12 
MPE-A003 1/6/15 29 53.0 0.00 0 0.0 - - 0.0 0.0 0.0 

1/8/15 47.0 0.00 0 0.0 - - 0.0 0.0 0.0 
1/12115 41.0 0.05 38 5.7 
1/14/15 123.0 0.00 37 0.0 0.0 0.0 0.0 
1120/15 104.0 0.05 51 5.2 103,000 84,700 27.2 109 109 
1122/15 103.0 0.05 48 5.2 109,000 84,700 28.7 57 166 
1126/15 95.0 0.05 46 5.3 108,000 85,900 29.0 116 283 
1128/15 92.0 0.10 51 7.4 122,000 97,500 45.8 92 374 
1/30/15 83.0 0.05 53 5.3 127,000 108,500 34.1 68 442 
212/15 79.0 0.05 49 5.4 103,000 88,700 28.2 85 527 
214115 80.0 0.05 49 5.4 97,200 18,400 26.6 53 580 
2/6/15 80.0 0.07 49 6.4 85,800 69,600 27.8 56 636 
2/9/15 74.0 0.14 48 9.1 95,200 78,700 43.9 132 768 

2/11/15 38.0 0.13 45 10.8 83,500 66,800 45.8 92 859 
2/13/15 36.0 0.19 44 13.2 63,400 52,200 42.4 85 944 
2/17/15 33.0 0.18 44 12.8 57,600 49,100 37.4 149 1,094 
2/20/15 47.0 0.30 38 17.1 63,500 49,800 54.9 165 1,258 
2/23/15 66.0 0.28 44 16.7 82,900 71,100 70.2 211 1,469 
2/27/15 65.0 0.29 42 17.0 115,000 100,600 99.2 397 1,866 
3/2/15 58.0 0.41 42 20.2 85,200 · 74,400 87.4 262 2,128 
3/9/15 55.0 0.33 49 17.9 64,800 74.000 76.9 538 2,666 
3/11/15 86.0 0.14 59 11.6 120,000 108,200 70.8 142 2,808 
3/13/15 96.0 0.17 53 13.1 95,200 84,100 63.2 126 2,934 
3/16/15 102.0 0.11 56 10.4 74,200 67.700 39.2 118 3,052 
3/18/15 104.0 0.07 59 8.1 72,300 64,400 29.8 60 3,112 
3/20/15 109.0 0.09 56 9.4 77,300 68,800 36.8 74 3,185 
3/27/15 113.0 0.07 52 6.4 63,400 55,100 20.4 143 3,328 
3/30/15 113.0 0.05 55 5.3 62,800 57.000 16.8 51 3,379 
4/1/15 119.0 0.05 59 5.2 74,800 66,200 19.8 40 3,419 

"" 4/6/15 117.0 0.05 61 5.2 63,500 56,200 16.8 84 3,503 
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum lncremenlal Cumulative 

Production Measured Differential Total Volatile Related Mess Mass Mass 
Loca~on Date Well Vacuum Pressure Temperature Flow Rate concentration concentratiOn Removal Rate Recovered Recovered 

{teetl (in-H2D) (in-H20) rf! \sciml !eemvl !eerrrvl !!!!!Vdal:'.! !aal) ~~al! 
MPE-A004 1/6/15 75 98.0 0.00 0 0.0 - 0.0 0.0 0.0 

1/8/15 100.0 0.00 0 0.0 0.0 0.0 0.0 
1112/15 35.0 0.00 33 0.0 0.0 0.0 0.0 
1/14/15 107.D 0.00 34 0.0 0.0 0.0 0.0 
1/16/15 94.0 0.00 34 0.0 0.0 0.0 0.0 
1/20/15 95.0 0.00 45 0.0 0.0 0.0 0.0 
1/22/15 85.0 0.00 43 0.0 - - 0.0 0.0 0.0 
1/26/15 74.0 0.00 44 0.0 0.0 0.0 0.0 
1/26115 66.0 0.00 49 0.0 0.0 0.0 0.0 
1/30/15 50.0 0.00 42 0.0 0.0 0.0 0.0 
2/2115 101.0 0.00 45 0.0 - - 0.0 0.0 0.0 
2/4/15 98.0 0.05 47 5.2 101,000 85,100 26.6 53 53 
2/6/15 98.0 0.12 45 8.1 96.500 86.300 39.6 79 133 
2/9/15 98.0 0.17 47 9.6 95,600 80,000 46.5 140 272 

2/11/15 93.0 0.12 45 8.2 90,500 80,300 37.6 75 347 
2/13/15 93.0 0.17 42 9.8 75,600 69,100 37.6 75 423 
2/17/15 92.0 0.15 45 9.2 75,800 69,300 35.4 141 564 
2/20/15 90.0 0.14 40 8.9 84,300 76,700 38.0 114 678 
2/23/15 86.0 0.25 43 12.0 94,600 85,500 57.6 173 851 
2/27/15 78.0 0.25 43 12.1 115,000 105,200 70.6 282 1,133 
312/15 76.0 0.32 48 13.7 90,800 84,300 63.1 189 1,322 
3/9/15 75.0 0.24 48 11.9 175.000 169.500 105.6 739 2.062 

3/11115 93.0 0.17 63 9.6 163,000 157,700 79.4 159 2,220 
3/13/15 91.0 0.24 51 11.5 105,000 101,400 61.2 122 2,343 
3/16/15 110.0 0.25 55 11.4 88,500 85,900 51.2 153 2,496 
3/18/15 107.0 0.07 59 6.0 85,600 82,600 26.0 52 2,548 
3/20/15 97.0 0.16 55 9.3 94,800 90,500 44.7 89 2,638 
3/27/15 91.0 0.08 49 7.1 67,600 63,900 24.3 170 2,808 

"" 
3/30/15 96.0 0.05 48 5.5 62,500 58,800 17.3 52 2,860 

~ 4/1/15 98.0 0.06 55 6.0 68,500 64,600 20.7 41 2,901 N 
r--
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum Incremental Cumulative 

Production Measured Differential Total Volatile Related Mass Mass Mass 
Location Date Well Vacuum Pressure Temperature Flow Rate Concentration Concentration Removal Rate Recovered Recovered 

(feet? (ln-H2O) (in•H2O) IOFl lsctml leemvl leemvl taaUdal} !!lal} IS81l MPE-A005 1/8/15 111 113.0 0.00 0 0.0 - - 0.0 0.0 0.0 
1/12115 124.0 0.00 34 0.0 - - 0.0 0.0 0.0 
1/14/15 84.0 0.00 34 0.0 - 0.0 0.0 0.0 
1/16/15 22.0 0.00 38 0.0 - - 0.0 0.0 0.0 
1/20/15 70.0 0.00 42 0.0 - - 0.0 0.0 0.0 
1122/15 58.0 0.00 41 0.0 - - 0.0 0.0 0.0 
1/26/15 24.0 0.00 40 0.0 - 0.0 0.0 0.0 
1/28/15 94.0 0.00 46 0.0 - - 0.0 0.0 0.0 
1/30/15 85.0 0.00 42 0.0 - 0.0 0.0 0.0 
2/2/15 81.0 0.00 36 0.0 - 0.0 0.0 0.0 
2/4/15 76.0 0.00 42 0.0 - 0.0 0.0 0.0 
2/6/15 66.0 0.00 42 0.0 - - 0.0 0.0 0.0 
2/9/15 59.0 0.00 46 0.0 - 0.0 0.0 0.0 

2111/15 56.0 0.07 47 6.6 224,000 202,500 75.0 150 150 
2113/15 104.0 0.00 36 0.0 - 0.0 0.0 150 
2/17115 68.0 0.05 32 5.6 119,000 111,300 33,8 135 285 
2120/15 64,0 0.05 37 5.6 132,000 126,100 37,5 112 398 
2123/15 57,0 0.05 37 5.6 137,000 129,800 38.9 117 514 
2/27/15 61,0 0.05 34 5.6 239,000 225,600 67.9 272 786 
3/2/15 63.0 0.06 45 6.1 125,000 119,400 38.7 116 902 
3/9/15 48.0 0.05 43 5.7 250,000 246,500 72.3 506 1,408 

3/11/15 59.0 0.05 57 5.5 305,000 301,300 85.1 170 1,578 
3/13/15 59.0 0.05 57 5.5 140,000 137,200 39.0 78 1,656 
3/16/15 87.0 0.05 , 52 5.3 177,000 176,100 47.6 143 1,799 
3/18/15 93.0 0.05 57 5.2 207,000 204,900 54.6 109 1,908 
3/20/15 99.0 0.07 55 6.1 176,000 174.200 54.4 109 2,017 
3/27/15 36.0 0.16 49 11.0 166,000 164,700 92.9 650 2,667 
3/30/15 36.0 0.18 49 11.7 176,000 174,100 104.7 314 2,981 
4/1/15 39.0 0.16 54 10.9 225,000 222.400 124.7 249 3,230 
4/6/15 41.0 0.10 58 8.5 "" 15:i,000 150,500 65.7 329 3,559 
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TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS

---- -·----------- ------------

TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Distance Volatile 
from Petroleum Incremental Cumulative 

Production Measured Differential Total Volatile Related Mass Mass Mass 
Location Date Well Vacuum Pressure Temperature Flow Rate Concentration Concentration Removal Rate Recovered Recovered 

(feet) (in-HP) (in-HiO) {"F) {scfm) <eemv) !eemv) {Sal/dail (9all (gal) 
HSVE-028S 1/6/15 61 127.0 3.48 32' 27.9 

1/8/15 17.0 3.64 31' 33.7 
1/12/15 130.0 3.88 35' 29.2 
1/14115 130.0 3.72 35' 28.6 
1116115 129.0 3.85 32' 29.2 
1/20115 130.0 3.93 44' 29.1 
1/22/15 130.0 3.96 41' 29.3 
1/26/15 124.0 3.71 41' 28.7 26.7 11.6 0.0 0.2 0.2 
1/28/15 126.0 3.67 45' 28.3 20.0 9.0 0.0 0.1 0.2 
1/30115 126.0 3.67 43' 28.4 26.3 15.7 0.0 0.1 0.3 
2/2/15 128.0 3.63 39' 28.2 32.2 20.3 a.a 0.1 0.4 
2/6115 129.0 3.72 41' 28.5 16.2 B.3 0.0 0.1 0.5 
2/9115 127.0 4.02 44' 29.6 14.0 7.3 0.0 0.1 0.6 

2/11/15 124.0 3.78 44' 28.9 12.1 5.6 0.0 0.0 0.6 
2/13/15 124.0 3.76 38' 29.0 12.4 9.8 0.0 0.0 0.7 
2/17/15 123.0 3.64 38' 29.3 13.7 9.8 0.0 0.1 0.7 
2/20/15 124.0 3.72 35' 28.9 20.1 15.2 0.0 0.1 0.8 
2/23/15 125.0 3.60 39' 28.3 10.0 5.6 0.0 0.0 0.9 
2/27/15 125.0 3.94 37' 29.6 10.0 B.8 0.0 0.1 0.9 
3/2/15 123.0 3.76 41' 28.9 12.1 10.9 0.0 0.1 1.0 
3/9/15 125.0 3.83 46' 29.0 7.8 7.8 0.0 0.1 1.1 

3/11/15 127.0 3.34 571 26.7 14.3 14.3 0.0 0.0 1.1 
3/13/15 125.0 3.48 52' 27.4 7.0 5.2 0.0 0.0 1.1 
3/16/15 128.0 3.36 52' 26.8 5.3 5.3 0.0 0.0 1.1 
3/18/15 127.0 3.57 56' 27.6 2.2 2.2 0.0 0.0 1, 1 
3/20/15 128.0 3.34 54' 26.7 2.9 2.9 0.0 0.0 1.2 
3/27/15 128.0 3.22 50' 26.3 3.4 3.4 0.0 0.0 1.2 
3/30/15 128.0 3.38. 51' 26.9 3.4 3.4 0.0 0.0 1.2 

"" 4/1/15 132.0 3.47 56' 27.0 4.0 3.0 0.0 0.0 1.2 
~ 4/6/15 128.0 3.47 59' 27.1 8.8 0.0 0.1 1.3 ... 3.9 r--
ci. 
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- - - - - - - - -
TABLE 9. SOIL VAPOR EXTRACTION SCREENING RESULTS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

- -
a Baseline fluid level measurements collected prior lo January 6. 2015 lndicated tha~ the screen intervals were occluded and the MPE wells were not operated 
b Fluid levels are not included herein as these measurements are affected by vacuum applied to the well and therefore inaca.irale 
c Operation of HSVE-028D was discontinued by !he Hartford Working Group after January 16, 2015 due to silt accumulation within the well 
d HSVE-084 did not have measurable air flow at any time during the pilot test and the results are therefore not induded herein 
e Mass removal rate based on measured total volatile concentration, air flow rate, and assumed LNAPL molecular weigh! of 95 grams per mol and density of 6.2 lb/gal 
1 Temperature not measured. Average temperature of measured Area A wells used as a surrogate. 
- soil vapor sample not collected for screening purposes 
•F - degrees Fahrenheit 
fl-amsl - feel above mean sea level 
gal-gallons 
in-H20 - inches of water 

lb/hr - pounds per hour 
ppmv - parts per million by volume 
scfm - standard cubic feet per minute 
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I TABLE 10. GROUNDWATER ANALYTICAL RESULTS SUMMARY 

HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

I 
Date Xytenes, 

Location ID Sampled Benzene Ethyl benzene Toluene Total MTBE 

I (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

HMW-044C 5/8114 25J 2.1 J 0.70J 5.9J ND (0.50) 

I 
1/27/15 24 2.3J 0.72J 5.5 ND (1.0) 

2/26/15 37 2.3 0.78 5.5 ND (1.0) 

3/27/15 32 2.0 0.69 4.8 ND (1.0) 

I 
4/28/15 23 1.6 0.58 3.9 ND (1.0) 

5/28/15 25 2.2 0.68 5.4 ND (1.0) 

I HMW-044D 717/14 0.062 ND (0.0010) NO (0.0010) ND (0.0010) ND (0.0020) 

1/27/15 0.001D J ND(0.0050) ND (0.0050) ND (0.0050} ND (0.0020) 

2/24/15 0.0026 ND(0.0050) NO (0.0050) 0.0012 0.00050 

I 3/27/15 0.0090 0.0019 NO (0.0050) 0.0032 ND (0.0020) 

4/28/15 0.0028 NO (0.0050) NO (0.0050) 0.0020 ND (0.0020) 

5/29/15 0.032 0.0092 0.0016 0.023 ND (0.0020) 

I MP-133 5/8/14 31 J 2.1 J 0.75J 7.4 J ND (0.50) 

1/27/15 22 2.1 0.88J 6.5 ND (0.40) 

I 2/26/15 41 2.3 1.0 7.6 ND (0.40) 

3/27/15 34 1.9 0.74 6.4 NO (0.40) 

I 
4/29/15 32 2.0 0.78 6.7 ND (1.0) 

5/29/15 35 2.5 0.81 7.7 ND (1.0) 

I MP-134 5/8/14 26 J 1.6J 0.49 J 4.6 J ND (0.50) 

3/26/15 26 1.2 0.31 3.0 ND(0.40) 

4128/15 29 1.7 0.39 3.8 ND{0.40) 

I 5129/15 27 1.7 0.42 3.8 ND (0.40) 

MP-135 5/B/14 32 J 1.9 J 0.71 J 5.0J ND (0.50) 

I 1/26/15 20 1.6 0.83J 4.1 NO (0.40) 

2/24/15 32 1.4 0.63 3.7 ND (0.40) 

3/26/15 27 1.2 0.49 2.8 ND (0.40) 

I 4/28/15 30 1.9 0.64 3.8 ND (0.40) 

5/29/15 27 1.8 0.56 3.5 ND (0.40) 

I MP-136 5/8/14 24 J 1.1 J 0.60 J 3.3J ND (0.50) 

2/24/15 34 1.6 0.97 5.1 ND (0.40) 

I 3/26/15 26 0.92 0.45 2.5 ND (0.40) 

4/28/15 27 1.2 0.55 3.4 ND(0.40) 

5/29/15 21 1.1 0.51 3.0 ND{0.40) 

I 
201506_10_OissolvedPhaseSummal'/_TBL-10 1 of 2 

I 
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Location ID 

MP-137 

Notes: 

TABLE 10. GROUNDWATER ANALYTICAL RESULTS SUMMARY 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

Date Xylenes, 
Sampled Benzene Ethylbenzene Toluene Total 

(mg/l) (mg/L) (mg/l) (mg/L) 

5/6/14 19 J 0.91 J 0.74 J 3.1 J 

1/26/15 19 1.6 0.71 J 5.4 

2/24/15 31 1.2 1.2 4.4 

3/27115 27 0.92 1.7 2.8 

4/29/15 26 1.0 0.93 3.0 

5/29/15 23 0.93 1.0 2.8 

MTBE 

(mg/L) 

ND (0.50) 

ND (0.40) 

ND (0.40) 

ND (0.40) 

ND (0.40) 

ND (0.40) 

- Groundwater samples were not collected for laboratory analysis if LNAPL was measured within the monitoring location during 

the monthly monitoring event 

J - estimated concentration 

MTBE - methyl tert butyl ether 

mg/L -milligrams per liter 

201506_10_DissohiedPhaseSummary_TBL-10 2of2 
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F IGURE 6. R IVER STAGE ELEVATION AND DAILY PRECIPITATION  
HARTFO RD PETROLEUM  RELEASE SITE, HARTFO RD, ILLINOIS
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HARTFO RD PETROLEUM  RELEASE SITE, HARTFORD, ILLINOIS

- - - - - - - - - - ---------

"" ~ 
<D 

"' <i 
_c 
u 
_g 
E 
"' (9 

~ 
"' 0 
>­
-" 
:e 
Q_ 

FIGURE 8. STEP TEST RESULTS 
HARTFORD PETROLEUM RELEASE SITE, HARTFORD, ILLINOIS 

n ..--+--------------L -r 350 

I I \ 
Orawdown (HPW-01) I \ I ~ 300 

1 I 

- E>Ctractlon Rate 
)t 

250 

2 ...--- ~--- \ - -\ 
-.. 1- 200 Ill 
Ill ::;. 
C 
3' 

. r 
- - -

0 
"0 
~ 
~ ~ 150 

C 

4 -I- - ~ -----
100 

5~-L u 1)~h .,,...,..? c9 ~~~ ~ ' I 
~- ?.,.. ~ - ~ 

50 

6 +- - ■ ■ I - ., T' - ~- ~--~----,,~ ---r----.-- --,. -- T ..- -1- Q 

~~ v~ ~~ ~~ ~~ ~~ ~~ cy~ ~~ ~~ o~ ~~ ~~ v~ ~~ ~~ ~~ 
~ -~ ~ ~ ~ ~ ~ ~ # ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ # ~ # # # 

g 20150~ SteplestResults FIG-a 
N - -
<D 

0 
(:! 

(:! 
r---
0 
-0 
Q) 

-1= 
"§_ 

Ai" .. 
::, 
C: ·e ... 
Ill 
D.. 

"' C: 

~ ; 
II ... 
"' II:: 
C 
0 ·;;;; 
u 
"' .. 
~ 



pr
in

te
d 

07
/2

1/
20

16
 2

:0
9P

M
 b

y 
D

av
e.

G
am

ba
ch

 p
. 8

7/
99

G
ro

un
dw

at
er

 E
le

va
tio

n 
(ft

-a
m

sl
)

M
is

si
ss

ip
pi

 R
iv

er
 E

le
va

tio
n 

(ft
-a

m
sl

)

F IG UR E 9. HYDROGRAPHS OF M ANUAL M EA SU REM EN TS IN SELECT M O N ITO R IN G  LOCATIONS  
HARTFORD PETROLEUM  RELEASE SITE, HARTFORD, ILLINOIS
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CICHE AM ' «u«Wi imho *™*W3 5SÍI

(no:-HO!)
aaiVAAONIiOMO Nl SNOIlVaiNaONOD 

3N3ZN30 ONIlN3S3bd3a SVibV aaXNVb

ojphij!^

¿t aanoid

N0U.V3O1 SNlUOUNCWf 3 Hi 
JO TVAM3INI 03N33»3S 3Hi NIHilVi 

f¡n SV« NOI1VA313 tfliVMONnOUO 3Hi

* \

%

rf .uuuuuuu \JUUUU0UI

(ra ■ sse)s

, (ræ-isDf
%̂ (L SI - so n) E

<S0TJ ‘ MOO'D) E 

10000 01 t
■'JjwiNvno a aaxiMVü snnsau a Kiaz Nas 

NüiivstÄ&idWvs aaivwQanoaa 
NOUVNVldXa

'HTJ ^0"

□ a Da □ ü Q I
133H1S SfHMLVW 184V

? ffiB..0E7 007/1 dap o»»*'
D: 15 ° Q0

ta flûoftm

_ . .., -L ,,.. 
• 

[ t ..: 

~ ----------· ·-·--~------------·-···-------\ . 
" . -­'" i;:: : 

I 
I 
I 

I 
I 

I 
I 
I 
I 

. 

' I 
I 

... ..,., 
"' l 

' I 
I 
I 

' ' I 
I 
I 

' I 
I 

' ' 
HWW.(I~ ""'4JC 
om~ , 10 

• I • • I 
I 

' ' I 
' I 
' I 
' : 
• I 
I 
I 
I 
I 

~~ . \ 
I 
I 
I 
I 

\ . .. 
a 

\ 
I . 
• • 
' ' • 
' .. ..,,, . 

o~-· -' . ' I 
I r \. 

WE'?' I"'-< -r: 

.... __ 
., 

..... ,.... .. -; 
.J...-!-\ 

't., 

n 

·\ 
"loMIIU.oll.11 

1!1 ... 
I 

\ 
' 
' .. 
' I 

c:::J fL_ 

'J r 

EXPLANATION 

GR.OUNDWATcR SM1PL~_CATION 

BENZENE RESULTS RANKl:D BY OU. 

.... 

WP.-onc, , .. .~ 

-,,, . 

. 
I . .. 

'. .. 
I • I 

' ' I . . • .. 
' ' • • I 

' UP.QIIC. ', 
liZ..4 l 

• I 
I 

' • .. 
• . 
' '. 

c:: 

• 

EE 

... _.... 
' . 

~~ 
'Sl_.4_ 

•, 
I 
I 

' ' . .. 
' ' ', 

I . 
I • • • I 

' 

I 
I 

' 
' I 
I 

' I l • 

~ ... ,,, ' I 
. ,'l.1 • 

y'":.r~\ . •~+::; 
~~,: : :'ir\ 

'. """!•_tMI I 
f.11:3: " • 

• • 
' • 

I 
I - ,, _ _ ',l / ~ . .. / . \ ~~-~ ...__ _____,,--~~ • / ~ .. . .. -,. . ----.. ------' ,, ~~:"" ---- --··· 1 

', . ------- ---· '•,, .... _. ••••••• ..u..:. : L '••••••••~ ••• :_,,,_ L1..___ 
--:J.:..:. • • 

~4'1C . 
) 

l lOOOOOI 
14r 11 !I .I l ,, , , II 11' 'II 11 L, 

.,~ ~ 
J'.<" ,~. ~ -. FIGURE 17 

3(0.05-15.1) ~ . ,o<' '¾ •. :e-,ii, N V RANKEDAREASR.EPRESENTINGBENZENE 
4 (15.1- 26.8) ~} ,9 ~+ li "h d CONCENTRATIONS IN GROUNDWATER 

~" ~ "lr _ n u ro r2011-20141 
5(26.8-32.8) 'i:. Z1I I UUtllflt;J 

"'"'""'"'""'""°"•..,.,...,"•"'"11WH<N ~"fl O • •=-::;;- HARTFORD PETROLEUM RELEASE SITE 
Tl1EGROJNfY'l<!ifERELE'/1'TIONlf!AS ~ 200 -~ F S 
W1THIN THE $CREEr£D INTEftVA.I. Of i...!!!!!!"!5=1!!!!!!!! (Pl31Jm:";.,, (JC :;:,'" m, HART ORD, ILLINOI 
rni: MCh,'rronr"IC l.OCATl(»\I 

1 

2 (0.0001 • 005) 

o-,, e, BR I c•""'•' ay TA l&:o~ 1·• 200" Oele 7'2115 I Alt Flg17 _Btnl.lPl'~r,1ong rru:d 

66/96 ·d 4oeqwe,:reAeo ,lq ~d60R 9f0ZIWL0 pejUud 



printed 07/21/2016 2:09PM by Dave.Gambach p. 96/99

»0 OiSfrdW

ooû
MASV

OtìWì-dW
• : • . . î.'j

E9C

, SI Z. „»I0-9H
a/M-jw

no
O2C0-<M ÏVtÛ-dh

• 000 
36E0-MWH ÛÛOCÎÎÎH

lECMJH
I3IUBjbyiB lS3M

■Jgzez
(aSES'dlft

ûiatu^ncrecy » - ">»

so a 
OiWWw

jjxiu ßuniLiEaid¥Ni_ai.öy md | si/ûz «ea ] ,ûoe =. ( nbos | vi *b po*»m3 | ya As umbjq

sionith aaodiavH 

ans asranaa wnaioai3d aacuiavH

U¿¿ SH/tBC 1 J) ► £*£ S»£/JOE Ldi
UXHTUpíkmiWAW

QiEKB AM '*111*1 rt
“'•a »aj»wuco fsEl

ojphnux (S 1-02 HOUVW}

SS3NH01H1 1dVN~1 £>NllN3S3äd3a SV3ÜV OBXNVd

21 3anoid1 ^

\ra\og c ?a¡m
l*W<H

000
> ViH"

ISH'Ju 00* AHOUäfl SI kOU.VA3T3 
wiiwwwnaao nj w qnvs nwh 3Hì 
*JinilW 03N33a3S STtaw «0J VIVO 

SS3N50IHL TdVNT SBOTTONI /."INO 3ION

(eg’9-9cz)s 
I9G 2 - OS L) t WÊ/M 

ieri ■ ßfio) î 

(es o - io o) z 
loo o) i

3iiiNvno
A0 CBXNVy SS3NX0IH1 IdVNT 

NOI1V0019N©nV9 *

N0llVNVldX3

■-•U JL

.. ooo

... .1/1

• . n/1

w

QdQd
'¡»ï ÜWO'MWH

,-------- -· 
' ' I .. .MW-OlaC ... 
I 
I 
I 
I 

: ,• 
I 
I 

• 
' I . 
I 

: , 
• I 
I 
I 

: 
I 
I 
I 
I 
I 

' 

. 

MP.O?tO 

'" . 

t-NN.Q~ MP-OIJC 
0.00 I 000 : . 

I 
I 
I 

' I 
' I 
I 

' I 
I 

' I . 
I 

' I 
~p~ . .,, 

I 
H--<MOC 

•o: 
'· . 
\ 
' •, . . 

' .. • - , 
' I 
I 
I 
I 
I ... _,, , 

Ol)lt ~ 

• I 
I 

. 
"" 

'rH,Y Oi!:10 
'ooo . ' . 

~·················--·-·········\ 

...... "" 
•7-4 

r • -
·• . ."1-1!M)J1 
. 000 -

MP<ll2C ... 
• • ~.QllO .. , 

....,....,c 
"' 

W!'~I 
J~1. 

"'-030< 

..,...,.c 
"" 

~ '.(!liC kW.'.(J'II 

'-" 1 1:00 

,....;,a,c ... HWl-0~ 
000 

... -OOOC .,,. 
• 

..... oc 
ODO . 
...... oc ... 

foF-6'1C 

"' .. 
~ <,!iOC 

"' 

' ' 

- -

' ' ' .. 
\ 
' ' • • ', 

' . 
' ' ' ' ' ' ' ' 1,11,-0ISD', 

000 I . ' ' . 
' ' ' • . 

' ' ' .. 
I 

' I 
' ' ', 

' 
.! ~' t-NN-037 

e 000 

' ' ' ' ' ' ~.ml ····· 1 31 • ,iw.oo, 

I 

MP-05JC , .. 
• 

,,,, 

'-""-OOC 
• "' l 

... .. "" ... 

' .. 
• ' • ' ' 

I 
I 

' ' 

....... ,c ... 

' I 
' . 
' . 

I 

' ' ' I 
I 

' ' ' ' 
\ .,,,--, . ..,,:,.qc2 
'\ lr,ft..t.re] 819 I ,,_ .., ... ,. \'""~.>i • ; .:.: !.,, 

•,..• OIXI ..,p.f'l6flf', ~·020 l...-:_ • r • ~-, -
•,, • • .., 000 - ~ 

0 
· '/:..,~ 

', . . ... . ~ .,. ~ 
\ ~-oo<C .. :~ • • MP-1~ •• ~_.\ 

.....__ 

EXPLANATION 

GAUGING LOCATION 

LNAPL THICKNESS RANKED BY 
QUANTILE 

\ • ... , .. ; 100 

0 

~ 
, o 110 Wl'-051C IIF-DNQ MP-Oe?p 
' ,IWA ,.i,n r • ooo a«u • •

00 
, 

~® • ' 
•' F-1f•c,-- "...:£T I 

I I 

' ' 

\ ~-;• 
' . ' ' ' \ ~ \ 

\ • I 

\ ~ 
' ' \ • I 

' .... ~ I 
\ W411C 001 1 

\ o:' e~-,-·-,-. ,-, • \ 
I I 

..... Ht.M- -~ 1-1 ..... 0&JC 

'•,, :"' ·····•·:"'•"· 
·-----••• ------ --··"'-""'" •••• ,...,_~j---•• ---;:;;; 1 

000 .OIICI ' ODO . . 
. .,.,.,,,, 
ODO 

• 

SIIW-OO>C •oo 

- -

1 (0.00) 

2(0 01 · 058) 

3(059 , I A9) 

4 (1 50. 2.35) 

5(2.36 , U8) 

,__ FIGURE 18 

li 
·h"d RANKED AREAS REPRESENTING LNAPL THICKNESS 

.. !~ ..... ~ ro (MARCH 2015) 

\lolO'Tt . G+<L.YINO.Lq:Si.NAPL THK:KNr.;s 
DATA FOR WEU.5 ICRH.NED Vt1THIN 
Tl-IE MAlk 8AM) VOffH OROi,;~o'IU\TfR 
EUVATI~ 18 8'LOW "® n MSl 

IDJ'C.,, __ Q..,.. 

LI,.._ wr1211ro -~·-~llllrl'IH 104 (l'U,01110 11n 

HARTFORD PETROLEUM RELEASE SITE 
HARTFORD, ILUNOIS 

018WT18yBR J ChocbdByT .. JSoa~ 1' • 200 Data 7''1/15 I Fff, Ftg18_lNA?t.Rankr"IQ mm 

66196 ·d 4oeqwe1::raAea ,lq ~d6o:z 9l0cHVL0 pajUud 



printed 07/21/2016 2:09PM by Dave.Gambach p. 97/99

iiiiwvno A9 aaxNva snnsaa q3nibwod
SNOLLVOOT 3"ldtWS *

NOiiVNvndira

J-33ÜLS iSlHOd 1S3M

ta/CB
E3ÌV

n̂HHAiFaHvM Lgvi

p*uißui)(UBap4Uiq»uaD“6lßld ■»í'd | Sl/C/¿ a»a| J>0Z = .t «os| VlA0t»#»HO| yg u**jq

sioNiiii 'aaodiavH 
3ifS 3SV313M W(1310aj.3d aaOdlMVH

bui stuia. Ui tin «huios ta) 
uiaû mu.

«WO muniívn ¡Vf 1

ojphijijx
A

ssanoid «av aaMNva nv do 3.usodwoo

6t aanoid

•
t -1r

B CD
z

-,1 -
\ □

X

,------ ... --.. 
1 

'- ~ , 
I 
I 
I . 

I : . 
I . 
t 
I 
I • I 

I 
I • I 

' ' ! , .• 
• 
' I 
I 

' I 
' I 
I O 
I 
I 
I 
I 
I • . . . 
I • I 

' . 
i 
I 
I 0 0 • I 

' . \ 
I 
I 

~ . 

• 

• I . 
\ 

\ 
I 

---. 
I 

' ' I . 
I 

J . 
' .. 

.......... 

., 

.. 

• 

• 

. . 
.... ,, 

.. 
Area 

B3184 

•• 

( . .. 

., 

•• t• 

i . 

• 
• Area 82 

• 

: 

••I 

i 

. . 

• . 

. . ., . 

• 

• . • 

,, 
' ' • ' ' I . 

', . . . 
I 
I 

' • • 

• 

. . 

/. . . ~,··· 
. l ... \ · 

.. •, 

• 

'• 

• 

~ 

I . 
I . 

. 
; I . 

. •\ .. . . 
• I . • I 

' . • 

EXPLANATION 

• SAMPI.E LOCATIOl'IS 

COMBINED RESULTS RANKED BY QUANTILE 

H4 • 9) 

I 
I 
I 
I 
-' , .. , • . ... • 

\ 
' ' --- . ' 
\ ·~• --- '. 

'I ,r • I 
,. ., __. I 

\ • • •' • • • - ~ I 
I I . . . 

I I 
\ I J ---...__---, I 

\ • ,, f , •• I 
\ f • ~ \.", . •. ~ • ~ • • r~ • \ 

1·.. }. .. • .. ::.. 

... , r ," ~ 

" .._,, • ~r •-•=•••••,. 
'•••-•••••·•••••••••••·••••••• - •••~•••••••••P • . 

-·v. AGURE 19 

i' ' <",a "'&'~ 
2 (10, 11) 

3112 • 13) 

411• 15) 

5(16 - 20) 

~~ .? '< 

,,,~ ~ ~ ' 

1 T.!~.~.~dro I coMPos1TE oF ALL RAN Keo AREA F1ouREs 

,;~2C-wiOl'tn 
tA.-41.WVYU011 _,...,..._ HARTFORD PETROLEUM RELEASE SITE 

HARTFORD, ILLINOIS 
I~ , ~ somu 1, 11.11'J'.ID1.IJ'ftna 

Drawn Sy BR I C,,edceo By TA SclJC 1" a 2QO' o... 112115 I Alo A',119_~""'"111·"""' 

~ 

66/L6 ·d 4oeqwecraAEO ,q V'Jd60:1: 9~01:/WL0 paiuud 



printed 07/21/2016 2:09PM by Dave.Gambach p. 98/99
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C. ILLINOIS EPA DIVISION OF WATER MODIFIED PERMIT OF 

CONSTRUCTION/OPERATION APPROVAL (PERMIT NO. 2014-EE-58312-1)

D. TEMPORARY TREATMENT SYSTEM COMPLIANCE ANALYTICAL REPORTS

E. AMBIENT AIR MONITORING ANALYTICAL REPORTS

F. PRESSURE TRANSDUCER MEASUREMENTS

G. AQTESOLV™ AQUIFER TESTING INPUTS AND RESULTS

H. LNAPL BAILDOWN MONITORING RESULTS AND LNAPL DISCHARGE VERSUS 
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